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It  has  been  thought  necessary  in  this  Edition  to  endeavour  to 
meet  the  requirements  of  the  student,  by  giving  a  somewhat 
more  detaHed  description  of  the  Bones.  This  has  been  done 
by  Mr.  E.  W.  Keid. 

A  few  alterations  have  also  been  made  m  the  account  of  the 
minute  structure  and  development  of  Bone. 

Some  of  the  plates  have  been  redrawn  and  several  new  ones 
added.  As  in  former  editions,  the  attachments  of  the  muscles 
have  been  indicated  by  coloured  Imes,  red  bemg  adopted  for  the 
origins  or  usually  more  fixed- ends,  and  Hue  for  the  insertions 
or  more  movable  ones. 

The  descriptions  of  the  larynx  and  soft  parts  of  the  ear  have 
been  omitted,  as  it  was  considered  that  they  belonged  rather 
to  a  work  dealing  with  General  Anatomy,  than  to  one  on  Human 
Osteology. 
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HUMAN  OSTEOLOGY. 


Importance  and  Interest  of  Osteolog-y. — Whoever  would 
become  a  good  anatomist  and  a  skilful  surgeon  must  make  him- 
self master  of  Human  Osteology.  It  must  be,  not  only  his  first, 
but  his  principal  and  constant  study.  He  cannot  understand  his 
dissections  without  continually  referring  to  the  skeleton.  Nor 
can  he  fail  to  be  interested  from  the  first  in  the  science,  if  in 
studying  each  bone  he  will  compare  it  with  the  corresponding 
bone  in  his  own  body,  in  order  that  he  may  become  famihar  with 
what  he  can  feel  of  it  in  the  living  subject.  He  will  thus  see  in 
osteology,  not  death,  but  life.  In  discovering  and  reducing  the 
simplest  dislocation,  how  important  it  is  to  have  a  competent 
knowledge  of  the  feel  of  the  bony  j)arts  and  their  relations  to  one 
another  !  A  little  progress  wiU  convince  him  that,  far  from  being 
dry,  osteology  is  attractive,  not  only  as  conducive  to  professional 
success,  but  for  its  own  sake.  Undertaken  in  a  right  spmt,  the 
study  of  it  becomes,  with  many,  a  favourite  pursuit,  and  creates 
a  natural  longing  to  know  something  of  the  skeleton  of  the  lower 
animals,  that  we  may  the  better  judge  of  the  advantageous 
construction  of  our  own ;  for  it  is  only  by  comparison  that  we 
can  judge,  When  the  great  truth  unfolds  itself,  that  our  own 
structure  appears  to  be  but  a  modification  of  the  '  one  common 
pattern  '  upon  which  aU  vertebrate  animals  are  formed,  we  cannot 
but  feel  with  the  philosophic  poet,  that — 

'Tis  the  sablime  of  man, 

Our  noontide  majesty,  to  know  ourselves 

Parts  and  proportions  of  a  wondrous  whole. 

GoLEllIDGE. 
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COMPOSITION  OF  BONE 


Uses  of  the  Bones — The  bones  form  the  framework  which 
supports  the  soft  parts  of  the  body.  All  the  bones,  either 
separately  or  in  conjunction  with  others,  form  levers  upon  which 
the  attached  muscles  act  and  give  rise  to  our  various  movements. 
Take  a  few  examples.  If  the  biceps  muscle  contracts,  the  forearm 
becomes  flexed  ;  this  shows  that  the  radius  is  a  lever.  It  will 
likewise  be  seen  that  the  other  bones  are  levers,  as  the  lower 
jaw  in  openmg  and  shutting  the  mouth ;  the  skull  as  a  whole 
in  noddmg  the  head;  the  vertebrse  in  balancmg  and  flexing 
the  trunk ;  the  pelvis  as  a  whole  (see  fig.  27)  ;  the  ribs  when 
raised  and  depressed  in  respu-ation ;  the  clavicle  in  shrugging  or 
depressing  the  shoulders  ;  the  scapula  and  the  humerus  in  raising 
the  arm ;  the  ulna  and  the  radius  in  flexing  or  extending  the 
forearm ;  the  carpus  and  metacarpus  as  a  whole  in  the  move- 
ments of  the  wrist  joint ;  the  phalanges  in  the  actions  of  the  fingers. 
In  like  manner  the  bones  of  the  lower  extremities  are  levers, 
which,  when  acted  upon  by  the  various  muscles  attached  to  them, 
give  rise  to  locomotion. 

The  bones  contribute  to  the  formation  of  the  joints,  which 
admit  of  more  or  less  movement,  depending  in  direction  and 
extent  upon  the  shape  of  the  articular  surfaces  and  the  attach- 
ments of  the  muscles  and  hgaments.  Besides  this,  the  bones  of 
the  head  and  trunk  lodge  and  i^rotect  delicate  organs  ;  thus,  in 
the  skuU  and  spinal  canal  we  find,  respectively,  the  brain  and 
spinal  cord ;  in  the  orbits  are  the  eyes ;  in  the  temporal  bone 
are  the  internal  parts  of  the  ear ;  and  in  the  bony  framework  of 
the  chest  are  the  heart  and  lungs,  which,  as  weU  as  the  upper 
abdominal  viscera,  it  protects. 

The  fact  that'  the  long  bones  are  curved  in  then-  long  axes 
increases  their  elasticity,  gives  them  some  amount  of  spring 
similar  to  that  of  a  bow,  and  helps  to  diminish  shocks. 

Composition  of  Bone. — Bone  is  composed  of  a  basis  of 
animal  matter  impregnated  with  earthy  salts.  If  a  bone  be  boiled 
in  water  for  many  hours  it  loses  some  of  its  elasticity  and  animal 
matter.  The  animal  matter  is  found  hi  solution  in  the  water 
and  is  called  jelly  or  '  gelatin.'  The  residual  bone  is  white  and 
brittle,  and  consists  chiefly  of  earthy  salts.    A  hke  result  may 
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be  obtained  by  burning  or  calcining  the  bone :  it  first  becomes 
black  from  the  charring  of  the  animal  matter  and  then  white, 
the  animal  matter  having  been  completely  burnt  off  and  nothing 
left  but  the  '  earthy  salts.'  If,  on  the  other  hand,  a  bone  be 
soaked  for  a  few  days  m  a  solution  of  hydrochloric  acid  (about 
one  part  of  the  dilute  acid  to  six  of  distilled  water),  it  loses  its 
earthy  salts,  becomes  soft,  and  may  be  bent  in  any  dnection. 
Bones  are  used  in  making  soup  for  the  gelatin  they  yield  on 
boiling.  Notwithstanding  their  antiquity,  bones  that  have  long 
been  buried  may  still  retain  a  considerable  quantity  of  organic 
matter.  Gimbernat  made  soup  from  the  gelatin  of  the  mastodon's 
tooth,  as  Dr.  Buckland  afterwards  did  from  the  fossil  bones  of 
the  hyaena.  The  partial  loss  of  organic  matter  renders  bones 
more  brittle  and  j)orous,  so  that  when  dry  they  readily  absorb 
water,  and  by  doing  so  they  adhere  when  applied  to  the  moistened 
lips.    The  latter  featm-e  is  often  used  as  a  test  of  antiquity. 

Animal  and  Earthy  Matter. — From  the  above  experi- 
ments bone  is  found  to  contain  about  one-thu'd  of  animal  matter, 
the  rest  being  earthy  salts,  i.e.  about  33  of  animal  matter  and  67 
of  earthy  salts  in  a  hundi-ed  parts.  Although  bones  yield  gelatin 
on  boUing,  yet  it  is  not  this  substance,  but  ossein,  which  exists  in 
bone,  the  ossein  becoming  converted  into  gelatin  by  the  process 
of  extraction.  The  portion  of  the  bony  matrix  forming  the 
immediate  walls  of  the  lacunae  and  canaliculi  is  said  to  have 
elastin  for  its  organic  basis.  Bones  of  children  are  softer,  more 
elastic  and  less  likely  to  be  broken  by  slight  injuries  than  those 
of  the  aged.  This  is  due  to  the  sponginess  and  great  vascularity 
of  children's  bones,  as  well  as  to  the  fact  that  in  them  the  shafts 
of  the  bones  are  united  to  the  epiphyses  by  a  layer  of  cartilage. 
Bone  when  pure,  i.e.  when  entirely  divested  of  fat  or  marrow  and 
blood-vessels,  probably  does  not  differ  much  in  composition, 
whether  it  be  from  a  child  or  from  an  old  person,  but  it  varies  in 
compactness  and  arrangement,  and  on  these  variations  the 
differences  in  the  strength  and  elasticity  of  bones  depend.' 

The  following  is  a  percentage  analysis  of  adult  human 
bone  :  ^ 

'  For  this  and  other  references  see  the  end  of  the  book.  . 
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Animal  matter 


33-30 
51-04 
11-30 
2-00 
1-16 
1-20 


Tribasic  phosphate  of  calcium -"If- 
Carbonate  of  calcium,  Ca  C  O3  ■■!(.■ 


Earthy  salts  i  Fluoride  of  calcium,  Ca 


Phosphate  of  magnesium 
^  Soda  and  chloride  of  sodium  . 


100-00 


Rickety  Bones. — In  the  disease  of  early  life  called  '  rickets,' 
in  which  the  bones  grow  bent  and  distorted,  from  deficiency  of 
earthy  matter,  the  proportions  of  animal  and  earthy  matter  have 
been  found  to  be  :  ^ 

Animal  matter    .       .       .       .    79-75  per  cent. 
Earthy  matter    .       .       .       .20-25  „ 

Of  all  animals,  the  bones  of  birds  (especially  of  the  predaceous 
kind)  contain  the  largest  proportion  of  earthy  matter.  The  bones 
of  mammalia  come  next ;  then  those  of  reptiles  ;  and  last  of  all 
those  of  fishes. 

As  in  the  birds  of  prey,  so  in  the  carnivora,  the  bones  have  a 
hard  and  compact  structm-e.  The  tympanic  bone  of  the  whale  is 
extremely  hard  ;  but  the  skeleton  most  remarkable  for  hardness 
and  weight  is  that  of  the  manatee,  which  may  be  seen  in  the 
Osteological  Series  of  the  Eoyal  College  of  Surgeons  of  England. 
When  the  late  articulator  to  the  College  was  taken  to  task  for 
having  charged  the  enormous  sum  of  ^15  (mstead  of  about  £5) 
for  articulatmg  the  manatee,  he  pleaded,  m  justification,  that  the 
bones  were  so  hard  that  it  had  taken  him  unusual  labour  to  put 
them  together,  and  had  spoilt  many  of  his  tools.  The  truth  of 
this  assertion  is  at  once  clear  to  anyone  who  takes  in  his  hand  the 
weighty  rib  of  a  manatee.    (See  sections  of  ribs.  No.  2741.*) 

Phosphate  of  I.iine  :  its  Importance. — Of  the  earthy  in- 
gredients of  bone  the  phosphate  of  lime  holds  by  far  the  first 
rank  ;  hence  it  is  commonly  called  '  bone  earth.'  Adult  bone  con- 

*  Throughout  the  work  the  numbers  refer  to  specimens  in  the  Osteological 
Series  in  the  Museum  of  the  Eoyal  College  of  Surgeons  of  England,  unless  other- 
wise stated. 


PROPEKTIES  OF  BONE 


5 


tains  51  per  cent,  of  it,  and  about  11  per  cent,  of  the  carbonate  of 
lime.  Carbonate  of  lime  is  the  principal  ingredient  in  the  harden- 
ino-  of  shells.  The  phosphate  of  lime  forms  a  harder  compound 
with  animal  matter  than  the  carbonate.  What  can  be  harder  than 
the  enamel  of  the  teeth  ?  And  this  consists  of  a  very  large  pro- 
portion of  phosphate  of  lime  combined  -with  animal  matter. 
There  is  only  2  per  cent,  of  animal  matter  in  the  enamel,  and 
of  the  remaining  98  parts,  88^  consist  of  phosphate  of  lime. 

Phosphate  of  Ume  enters  not  only  as  the  principal  earthy 
ingredient  into  the  composition  of  bone,  but  is  contained,  more 
or  less,  in  nearly  all  the  tissues  of  the  body.  Of  all  inorganic 
materials  it  appears  to  be  the  most  essential  both  for  vegetable 
and  animal  hfe.  Therefore  it  is  not  only  a  most  important  article 
of  diet,  but  a  necessary  manure.  '  Those  parts  of  plants  which 
experience  has  taught  us  to  be  the  most  nutritious,  contain 
the  largest  proportion  of  the  phosphates— such  as  bread-corn, 
peas,  beans,  and  lentils.'  It  has  been  ascertained  by  experunent, 
that  if  animals  have  then  entire  supply  of  phosphate  of  lime  cut 
off,  after  some  weeks  of  illness,  they  are  attacked  with  diarrhoea, 
which  soon  kills  them.  Their  bones  are  found  to  be  very  soft ; 
and  it  is  not  unhkely  that  the  phosphates  are  absorbed  from  then- 
bones  and  supphed  to  other  structures,  such  as  the  nerves  and 
muscles. 

It  is  the  quantity  of  phosphate  of  hme  in  the  bones  which 
makes  them  so  valuable  as  manm-e.  The  bones  are  boiled  to 
obtain  the  gelatin  or  glue  and  fat ;  afterwards  they  are  crushed 
in  a  mill,  and,  as  '  bone  dust,'  form  an  extensive  article  of  com- 
merce. 

Strength  of  Bone.— The  strength  of  bone,  contrasted  with 
other  substances,  is  remarkable.  The  foUowmg  materials  stand 
in  point  of  strength  to  each  other  thus  : 

Fine  freestone,  as 
Lead 

Elm  and  ash . 
Box,  yew,  oak 
Bone 


.  6-5 

.  8-5 

.  11-0 

.  22-0 
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Hence  bone  is  twice  as  strong  as  oak.  A  cubic  inch  of  bone  \vill 
support  5,000  lbs.  weight.^  Besides  this,  we  shall  presently  see 
that  bone  is  so  constructed  that  it  gives  great  strength  with  but 
little  expenditure  of  materials.  The  specific  gravity  of  bone  is 
from  1-87  to  1-97. 

Elasticity  of  Bone. — In  consequence  of  the  animal  matter 
they  contain,  bones  possess  a  certain  amount  of  elasticity.  If  a 
skuU  be  thrown  upon  the  ground,  it  will  rebomid.  The  degree 
of  elasticity  varies  in  different  bones,  according  to  their  form  ,  and 
texture.  The  clavicle,  for  instance,  owing  to  its  curved  form,  is 
remarkably  elastic— a  property  which  enables  it  to  break  the 
shock  of  a  fall  upon  the  hand.  If  one  end  of  a  clavicle  be  placed 
at  a  right  angle  against  a  hard  substance,  and  the  other  end 
struck  smartly  with  a  hammer,  the  bone  wiU  rebound  to  a  dis- 
tance of  nearly  two  feet.  The  ribs,  too,  are  exceedingly  elastic. 
The  Arab  children  are  said  to  make  excellent  bows  with  the  ribs- 
of  camels.  Perhaps  the  best  instance  of  elasticity  in  bone  is  the 
united  clavicles  (merry-thought)  of  the  bird.  All  the  long  bones, 
are  more  or  less  curved,  which  gives  them  the  benefit  of  elasticity. 
Classification  of  Bones. — Though  the  bones  present  every 
variety  of  form  and  size,  yet,  for  convenience  of  description,, 
anatomists  divide  them  into  three  classes :  1.  The  long  and 
round ;  2.  The  broad  and  flat ;  3.  The  short  and  cubical,  or 
irregular.  The  long  and  round  form  the  great  levers  of  the 
limbs,  and  are  moved  by  muscles.  The  broad  and  flat  are  found 
chiefly  in  the  skull  and  pelvis,  and  protect  the  viscera.  The 
short  and  irregular  aUow  more  limited  motion  combined  with 
great  strength,  and  serve  to  break  shocks,  as  the  bones  of  the 
spine,  the  carpal  and  tarsal  bones. 

Nomenclature. — In  describing  the  different  parts  of  a  bone,, 
we  use  terms — Latm,  Greek,  or  English — which  denote  either 
the  form  of  the  part,  or  its  fancied  resemblance  to  some  natural 
object,  or  the  purpose  it  serves.  We  soon  become  familiar  with 
such  terms  as  'eminences,'  'depressions,'  'processes,'  'tubero- 
sities,' '  spines,'  '  foramina,'  '  notches,'  '  canals,'  '  sinus,'  '  fossae,^ 
'trochanters,'  'condyles,'  &c.  Again,  there  are  parts  of  bones 
named  after  some  celebrated  anatomist  who  first  described  them  : 


I 

I 

PLATE  I. 


Drawl  on  Stone  ty  'T.  Godart. 
From  nature  by  L.Holden.  Printed. by  West, Newman  &,Co. 
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for  instance,  the  '  aquediTct  of  Fallopius,'  '  the  antrum  of  High- 
more,'  '  the  fissure  of  Glaser,'  the  '  canal  of  Vidius.'  These 
memorials  of  anatomists,  though  interesting  to  historians,  are 
rather  encumbering  to  anatomical  nomenclature,  and  are  there- 
fore very  much  to  be  deprecated. 

Structure  of  Bone  :  Naked  Eye. — Let  us  examme,  first, 
the  structure  of  bone,  as  it  can  be  seen  with  the  naked  eye; 
afterwards,  its  minute  structure  with  the  microscope.  Lastly, 
we  will  study  the  development  and  growth  of  bone. 

The  best  way  to  obtain  a  rough  idea  of  the  structure  of  bone 
is  to  make  a  vertical  section  through  one  of  the  long  bones— say 
the  femui-— all  the  way  down.  (Plate  1.)  We  then  see  that  the 
outer  part,  or  '  wall,'  of  the  bone  is  compact,  hke  ivory ;  the 
interior  is  hollow,  forming  the  '  medullary  canal,'  or  cavity  con- 
taining the  marrow.  The  ends,  which  expand  to  form  the  joints, 
are  composed  of  a  beautiful  network  of  plates  and  bars  of  bone, 
forming  what  is  called  '  cancellous  or  spongy  tissue,'  which  in  the 
recent  state  is  also  filled  with  marrow.. 

Shaft  of  Bone  hollow. — What  are  the  advantages  of  bones 
being  hollow  ?  The  amount  of  material  being  the  same,  a  hollow 
cyhnder  is  much  stronger  than  a  solid  one.  It  is  proved  that 
the  crushing  pressures  of  two  cylinders  of  equal  weight  and 
length,  of  which  one  is  hollow  and  the  other  solid,  are,  re- 
spectively, as  the  diameters  of  their  transverse  sections;  pro- 
vided always  that  the  diameter  of  the  tube  be  within  certain 
dimensions.    Thus,  let  ah,  c  cl 


Fio.  1. 


Fig.  2. 


(figs.  1  and  2)  represent  the 
sections  of  two  cylinders  ;  then 
the  strength  of  the  tube  c  d  is 
to  that  of  the  solid  a  6  as  the 
line  d  c  is  to  the  line  a  6." 

In  some  animals  which 
seldom  or  never  leave  the  water, 
the  bones  have  no  medullary  cavities,  but  are  completely  filled 
by  cancellous  tissue.  This  is  the  case  in  the  penguins  (Nos. 
1138  to  1140),  the  whales,  and  amphibia,  whose  soUd  bones 
appear  to  act  as  ballast. 
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In  the  early  part  of  the  seyenteenth  century,  Galileo  observed 
in  nature  a  variety  of  instances  in  which  the  strength  of  bodies 
was  made  very  great  consistently  with  lightness  by  the  arrange- 
ment of  their  structure.  This  most  profound  philosopher,  when 
accused  of  atheistical  opinions,  and  interrogated  before  the  Inqui- 
sition as  to  his  belief  in  a  Supreme  Being,  picked  up  a  straw  from 
the  floor  of  his  prison,  and  repUed,  '  If  there  were  nothing  else  m 
nature  to  teach  me  the  existence  of  a  Deity,  even  this  straw  would 
be  sufficient.' 

Air  Cells  in  Bone. — Strength  and  lightness  are  thus  com- 
bined in  the  economy  of  bones.  This  principle  is  carried  to  the 
extreme  in  certain  bones  of  bu-ds,  which  are  filled  with  air  instead 
of  marrow.  There  is  a  communication  between  the  lungs  and 
the  cavities  in  the  bones  of  birds  (Nos.  1107-8) ;  and  the  an- 
which  fills  the  bones  being  warm,  renders  them  still  lighter.  The 
great  beak  of  the  hornbill  forms  one  large  ak-cell  (No.  1492) ; 
even  the  thin  columns  of  the  cancellous  tissue  in  the  interior  are 
hoUow  and  filled  with  air.  In  this  case  as  in  that  of  other  bnds 
the  air  in  the  skull  is  derived  from  extensions  of  the  cavity  of  the 
middle  ear  on  each  side.  In  this  bird,  as  well  as  m  the  toucan, 
every  bone  of  the  skeleton,  down  to  the  Uttle  bones  of  the  claws, 
is  filled  with  air.  In  the  little  '  apteryx '  of  New  Zealand,  which 
has  no  available  wings,  and  in  the  penguin,  which  rarely  leaves 
the  water,  no  bones  of  the  skeleton  except  those  of  the  skull  receive 
air.  In  the  bones  of  the  chick  there  are  no  meduhary  cavities ; 
as  the  bird  grows  its  bones  become  hollowed  out,  and  fiUed  with 
marrow,  which  is  subsequently,  in  the  mature  bird,  removed  and 
replaced  by  warm  air.  In  mammaha  there  are  no  au--cells  except 
in  the  bones  of  the  head.  There  are  large  air-ceUs  (sinuses)  in 
the  frontal,  sphenoid,  ethmoid,  palate,  maxillary  and  mastoid 
bones  m  man. 

Cancellous  Tissue  :  Arrang-ement. — The  cancellous  tissue 
occupies  the  interior  of  bones,  and  chiefly  the  articular  ends.  It 
is  formed  by  plates  and  fine  bars  of  bone,  which  form  a  kuid  of 
lattice-work  with  a  most  delicate  and  elegant  arrangement.  The 
canceUous  architecture  of  bones  is  arranged  upon  this  prin- 
ciple: its  columns  always  run  along  the  lines  of  greatest  pres- 
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sure,  or  form  arches,  thus  combming  the  gi-eatest  strength  and 
elasticity  with  Hghtness.  A  beautiful  example  of  this  is  seen  in 
the  section  of  the  cancellous  tissue  of  the  thigh-bone  (Plate  I.)- 
At  the  lower  part,  towards  the  knee,  the  layers  run  vertically — 
that  is,  m  the  direction  of  the  axis  of  the  shaft,  this  being  the 
line  of  pressui-e  when  the  body  is  erect.  But  in  the  neck  of  the 
thigh-bone  the  layers  are  arranged  in  decussating  curves  like 
Gothic  arches,  one  within  the  other,  and  sustain  with  the 
greatest  mechanical  advantage  the  weight  transmitted  on  to 
the  heads  of  the  thigh-bones.  (Norm.  Hum.  Ost.,  Nos.  211 
to  222.) 

Cancellous  Tissue:  Properties.— Though    SO   light  and 
spongy,  the  cancellous  tissue  is  able  to  support  a  great  weight 
without  giving  way.    We  may  form  some  idea  of  its  strength 
from  the  following  experiment :  ^  A  cubic  inch  of  cancellous 
texture  was  taken  from  the  lower  end  of  the  femm-,  and  placed 
with  its  principal  layers  upright.    Four  cwt.  was  then  placed 
upon  it,  but  it  did  not  give  way  in  the  least.    Six  cwt.  made  it 
sink  half  an  inch.    Yet  the  cubic  inch  of  bone  itself  did  not 
weigh  more  than  54  grains.    Not  only  is  cancellous  tissue 
strong  as  well  as  hght,  but  it  possesses  another  advantage — that 
of  diminishing  shocks.    When  a  ball  of  ivory  strikes  another,  as 
in  the  game  of  billiards,  the  whole  force  of  the  shock  is  trans- 
mitted from  one  to  the  other ;  but  let  a  ball  made  of  the  can- 
cellous tissue  be  interposed,  and  then  see  how  the  shock  will 
be  broken.    This  property  of  diminishing  shocks  is  of  course 
greater  when  the  bone  is  in  its  natiiral  state  and  filled  with 
marrow. 

The  spaces  formed  by  the  cancellous  tissue  vary  in  size  and 
shape,  ]jut  freely  communicate  with  each  other,  and  with  the 
holes  on  the  surface  of  the  bones.  This  is  easily  proved  by 
boring  a  hole  at  one  end  of  a  bone,  and  pouring  mercury  into 
it ;  we  shall  find  that  the  mercury  will  run  out  freely  through 
the  natural  holes  at  the  other  end. 

iviarrow,  Yellow.— The  interior  of  the  shaft  of  a  long  bone 
is  filled  with  yellow  marrow ;  a  substance  composed  almost  en- 
tirely of  fat  (9G  per  cent.)  ;  that  is,  in  bones  that  are  healthy. 
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Like  all  other  fat,  it  is  removed  in  cases  of  great  emaciation 
— in  general  dropsy,  for  instance;  and  its  place  is  supplied 
by  an  albuminous  fluid.  Hence  the  bones  of  a  dropsical  sub- 
ject are  always  the  least  greasy,  and  the  best  adapted  for 
skeletons. 

Marrow,  Bed.— The  cancellous  tissue  of  the  articular  ends  of 
long  bones,  and  of  the  bodies  of  the  vertebrte,  the  sternum,  the 
ribs,  and  the  bones  of  the  cranium,  contain  another  kind  of 
marrow  of  a  red  colour.  This  red  marrow  differs  from  the 
yellow,  in  that  it  contains  little  or  no  fat — not  more  than  1  per 
cent.  It  consists  of  75  per  cent,  of  water  and  25  per  cent,  of 
solid  matters,  chiefly  albumen.  It  is  this  kind  of  marrow  which 
is  found  in  all  the  bones  of  the  foetus,  and  in  infants.  Hence 
it  is  sometimes  called  fcetal  marrow.  Examined  with  a  high 
magnifying  power,  it  is  found  to  contain  a  number  of  oval  or 
irregular-shaped  many-nucleated  cells.  (Plate  IV.  fig.  9.)  Cells 
of  this  form  are  found  in  many  rapidly  growing  tumours,  and 
are  called  '  myeloid  '  ceUs.  They  are  especially  abundant  in  the 
so-called  myeloid  tumours.^  Small  round  cells,  like  white  blood 
corpuscles,  are  also  found  in  great  numbers. 

Blood-supply  of  Bones. — At  the  articular  ends  of  any  long 
bone,  or  on  the  body  of  a  vertebra,  we  observe  a  number  of  holes. 
Near  the  lower  end  of  the  thigh-bone  we  might  soon  count  as 
many  as  200  or  more.  What  are  these  holes  ?  The  smaller 
transmit  the  articular  arteries  which  nourish  the  vascular  can- 
cellous tissue.  The  larger  contain  veins  which  run  by  them- 
selves. These  veins  of  the  cancellous  tissue  are  large  and 
numerous.  They  traverse  and  ramify  through  this  tissue  in 
various  directions  in  special  canals  with  thin  walls  of  bone. 
They  are  well  seen  in  a  section  through  the  body  of  a  vertebra 
(Plate  XXV.  fig.  7),  also  in  the  cancellous  tissue  (termed  '  diploe '  ) 
of  the  cranial  bones.  Prom  a  surgical  point  of  view  these 
'  diploic '  veins  are  interesting,  on  account  of  their  liabihty  to 
inflame  after  severe  injuries  of  the  head:  such  inflammation 
may  lead  to  suppuration  in  the  diploe,  which  is  often  fatal.  The 
adjoining  figure  (3)  shows  the  large  venous  canals  in  the  '  diploe' 
^f  the  skuU-cai3. 
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Again,  on  the  outside  of  the  shaft  of  a  long  bone  there  are 
a  number  of  minute  grooves,  which  run  for  the  most  part 
parallel  to  the  shaft, 
and  lodge  blood-vessels. 
At  the  bottom  of  these 
grooves  are  still  more 
minute  holes,  barely 
visible  to  the  naked  eye, 
but  easily  seen  through 
a  small  pocket-lens. 
These  holes  transmit 
the  blood-vessels  from 
the  '  periosteum,'  or 
membrane  covering  the 
bone,  to  the  compact 
tissue. 

Artery  of  the  Ittarrow.— The  marrow  in  the  interior  of  the 
bone  is  supphed  with  blood  by  the  '  medullary  artery.'  This 
artery  reaches  the  marrow  through  a  very  distinct  canal  (canal 
for  the  nutrient  artery  of  the  medulla),  which  runs  obliquely 
through  the  shaft,  near  its  middle.  In  a  long  bone  like  the 
femur,  there  are  generally  two  of  these,  situated  at  the  back  part. 
As  soon  as  the  artery  reaches  the  medullary  cavity,  it  divides 
into  two  branches,  an  ascending  and  a  descending,  which  ramify 
in  and  supply  the  marrow  and  the  greater  portion  of  the  thick- 
ness of  the  shaft,  and  jfinally  communicate  with  the  '  articular  * 
arteries  already  described. 

Thus  the  several  parts  of  a  long  bone  are  supplied  with  blood 
as  follows  :  The  outer  compact  wall  of  the  shaft  by  blood-vessels 
from  the  periosteum  ;  the  marrow  in  the  interior  and  remainder 
of  the  shaft  by  a  special  medullary  artery ;  and  the  cancellous 
tissue  of  the  ends  by  the  articular  arteries.  The  blood-vessels 
of  these  several  parts  are  not  exclusive,  but  communicate  more 
or  less  with  each  other  when  the  parts  of  the  bone  have  united 
with  the  shaft.  Hence  they  readily  reciprocate  their  morbid 
actions,  and  inflammation  arising  in  the  one  part  may  spread  to 
the  other,  although  the  extremities  usually  retain  their  life  when 


Fig.  3. 
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the  shaft  is  killed  by  inflammation.  Notwithstanding  that  these 
three  orders  of  blood-vessels  do  communicate  in  the  bone,  yet  we 
cannot  be  surprised  to  find  that  when  a  bone  is  broken  below  the 
canal  for  the  nutrient  artery  of  the  marrow,  the  lower  fragment, 
bemg  deprived  of  part  of  its  supply  of  blood,  in  some  cases 
becomes  atrophied  and  thinner.^ 

Periosteum :  its  use. — A  fibrous  membrane,  termed  the 
periosteum,  invests  the  bones  everywhere  except  at  the  insertion  of 

strong  tendons,  and  where  covered  with 
cartilage.  This  periosteum  consists 
of  two  layers,  an  external  one,  tough 
and  fibrous,  and  an  internal  one  (osteo- 
genetic),  soft  and  cellular.  The  ad- 
joining figure  shows  the  arrangement 
of  the  blood-vessels  of  the  periosteum. 
The  periosteum  likewise  provides  each 
of  the  vessels  entering  the  bone  with  a 
fibrous  covering.  It  assists  in  the  for- 
mation of  bone,  and  afterwards  in  its 
nutrition.  If,  therefore,  the  periosteum 
be  torn  from  the  surface  of  a  bone,  there 
is  a  risk  that  a  layer  of  the  subjacent 
bone  will  lose  its  vitality,  and  be  cast  off. 
Ztledullary  laembrane.— The  medullary  and  Haversian 
canals  and  the  cells  (marrow  spaces)  of  the  cancellous  tissue  are 
lined  by  an  extremely  delicate  membrane,  termed  the  '  endosteum.' 
It  is  much  more  delicate  than  the  periosteum ;  nevertheless,  it 
supports  the  marrow,  and  provides  a  stratum  for  the  subdivisions 
of  the  medullary  artery,  before  they  penetrate  the  contiguous  bone. 

Nerves  in  Bone. — Periosteum  and  bone  unquestionably 
possess  nerves.  This  is  proved  by  absolute  demonstration,  and 
b)y  disease.  Nerves  may  be  traced  into  some  of  the  minute 
foramina  on  the  shaft  of  a  long  bone,  and  into  the  articular  ends. 
A  nerve  also  enters  the  medullary  canal  with  the  nutrient  artery 
of  the  medulla,  and  divides  like  the  artery  into  an  ascending  and 
-a  descending  branch.  Of  all  the  bones,  the  tibia  presents  the 
largest  canal  for  the  nutrient  artery  of  the  marrow  ;  in  this  bone 
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also  it  is  easy  to  trace  the  entrance  of  the  nerve  with  the  artery. 
Thou-b  bone  in  health  has  but  little  feeling,  when  diseased  it 
becomes  highly  sensitive.  There  is  such  a  thing  as  '  neuralgia  ' 
of  bone.  Every  surgeon  must  have  witnessed  how  sensitive  are 
granulations  from  bone.  Indeed,  it  is  probable  that  the  severe 
pain  attendant  on  the  ulceration  of  articular  cartilage  is  occa- 
sioned by  the  pressure  of  the  cartilage  on  the  bone-granulations 
beneath  it. 

Lymphatics  of  Bone.— The  lymphatics  of  bone  have  been 
actuaUy  demonstrated  by  injecting  the  lymphatics  of  the  body 
of  a  vertebra.!"  It  has  been  recently  proved  by  injections  that 
the  blood-vessels  of  Haversian  canals  are  surrounded  by  peri- 
vascular lymphatic  vessels.'^ 


Microscopic  Structure  of  Bone. 

This  is  a  most  interesting  and  instructive  study.    It  reveals 
to  us  that  bones  are  as  minutely  provided  with  blood-vessels  and 
nerves  as  the  softer  parts  of  the  body.    Being  as  fully  organised 
as  other  parts,  we  cannot  wonder  that  they  are  subject  to  like 
diseases.    We  have  to  investigate  how  the  bones  are  formed  in 
early  Ufe,  how  they  grow  to  maturity,  how  their  health  is  main- 
tained, how  then-  mjuries  are  repaired.    Would  anyone,  looking 
at  a  sohd  bone,  expect  to  find  that  even  its  hardest  parts  are  tun- 
nelled out  by  a  network  of  minute  canals  containing  blood- 
vessels ;  and  that  from  these  canals  other  tubes,  mfinitely  more 
minute,  and  connected  with  a  series  of  reservoirs,  radiate  in  aU 
directions  and  convey  nutritious  fluids  ? 

General  Idea  :  Haversian  Canals.  —  Let  us  first  get  a 
general  idea  of  the  microscopic  structure  of  bone,  and  go  into  de- 
tails aftenvards.  If  a  transverse  section  from  the  shaft  of  a  long 
bone  be  ground  extremely  thin,  and  examined  with  a  power  of 
about  20  diameters  (Plate  II.  fig.  5),  we  see  a  number  of  holes, 
with  dark  spots  grouped  around  them,  in  a  series  of  tolerably 
concentric  circles.  These  holes  are  sections  of  the  canals  (termed 
'  Haversian ')  which  transmit  blood-vessels  into  the  substance 
of  the  bone.    The  dark  spots  are  minute  reservoirs,  called 
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'  lacuiiffi.'  They  look  like  solid  bodies,  but  they  are  cavities  and 
are  occupied  during  life  by  soft  '  bone  corpuscles,'  concerning 
which  more  will  be  said  hereafter.  Different  parts  of  the  section 
show  that  the  Haversian  canals  vary  considerably  in  size  and 
shape.  They  are  generally  round  or  oval.  Those  nearest  to  the 
circumference  of  the  bone  are  very  small;  but  towards  the 
medullary  cavity  they  are  seen  to  be  larger,  and  at  last  open  out 
into  the  cells  of  the  cancellous  texture. 

Haversian  Iiamellae. — The  same  section  examined  with  a 
higher  power  (Plate  II.  fig.  7)  shows  that  the  Haversian  canals 
are  surrounded  by  a  series  of  concentric  lines,  resembling  the 
transverse  section  of  the  branch  of  a  tree.  These  lines  are 
termed  the  '  lamella?.'  They  are  so  many  layers  or  rings  of  bone 
that  have  been  developed  within  the  Haversian  canal.  Even  the 
smallest  Haversian  canal  was,  when  originally  formed,  a  much 
wider  space,  and  circumscribed  by  only  a  single  layer  of  bone ; 
but  in  process  of  growth  the  canal  becomes  gradually  contracted 
by  the  deposit  of  successive  layers  of  bone.  The  dark  spots, 
before  alluded  to  as  the  '  lacunae,'  are  situated  between  the 
lamelte;  under  a  higher  magnifying  power  (Plate  II.  fig.  6) 
they  look  like  insects.  The  central  part  or  the  lacuna,  repre- 
senting the  body  of  the  insect,  is  hollow,  and  the  dark  filaments 
which  run  out  from  it,  representing  the  legs,  are  minute  tubes 
termed  '  canalicuH.'  These  are  exceedingly  numerous,  and  ra- 
diate from  all  parts  of  the  '  lacuna,'  through  the  lameUte.  Now, 
since  the  canaliculi  of  one  cu-cle  of  lacunae  communicate  most 
freely  with  those  of  the  next  circle,  and  the  canaUculi  nearest  to 
the  Haversian  canal  open  directly  into  it,  it  follows  that  by 
means  of  this  system  of  radiating  tubes  a  complete  communica- 
tion is  established  between  the  Haversian  canal  in  the  centre, 
and  the  successive  circles  of  bone  which  surround  it.  The 
nutrient  material  of  the  bone  exudes  from  the  blood-vessels  in 
the  central  canal,  and  is  transmitted  through  the  canaUculi  from 
one  lacuna  to  another. 

Haversian  System. — Every  Haversian  canal  taken  in  con- 
junction with  its  concentric  layers  of  bone,  lacuna3,  and  canaU- 
culi, is  termed  an  *  Haversian  system.'    (Plate  II.  fig.  7.) 
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Almost  all  the  compact  substance  of  bone  is  made  up  of  a 
multitude  of  these  '  Haversian  systems,'  Each  system  is,  to  a 
certain  extent,  independent  of  its  neighbour,  since  the  lacunae  of 
one  system  communicate  very  sparingly  with  those  of  another. 
In  consequence  of  this  isolation,  we  sometimes  find,  in  favourable 
sections,  that  each  system  is  more  or  less  circumscribed  by  a 
tolerably  distinct  white  line,  which  is  transparent  bone  with  but 
few  canahculi. 

Haversian  Interspaces. — As  the  Haversian  systems  in  the 
transverse  section  are  for  the  most  part  circular,  it  is  clear  they 
cannot  touch  each  other  in  all  parts  of  their  circumference ;  so 
that  here  and  there  triangular  portions  of  bone  fill  up  the  gaps 
between  them.  Such  portions  are  termed  '  Haversian  inter- 
spaces.' •  (Plate  n.  fig.  7.)  They  are  either  portions  of  Haver- 
sian systems,  or  the  layer  of  investing  periosteal  bone  which 
has  elsewhere  been  encroached  upon  by  other  systems  of  more 
recent  formation.  These  '  outlying '  portions  of  bone  are  also 
provided  with  lacunte  and  canaliculi,  and  they  derive  their 
nourishment  from  the  sm-rounding  Haversian  systems,  of  which 
they  are  dependencies. 

The  section  we  have  hitherto  been  examining  was  a  trans- 
verse one.  "We  must  now  make  an  equally  thin  section  in  the 
longitudinal  direction  of  the  shaft,  and  we  then  have  quite  a 
different  appearance.  (Plate  H.  fig.  4.)  We  cut  in  the  course 
of  the  Haversian  canals,  not  across  them  ;  and  we  find  that,  as  a 
general  rule,  they  run  parallel  to  the  surface  of  the  bone  (no 
matter  whether  long  or  flat),  and  that  they  communicate  very 
frequently  by  transverse  or  more  or  less  oblique  canals.  If  the 
section  be  large  enough  to  include  the  Haversian  canals  near  the 
circumference,  we  find  that  some  open  on  the  outer  sm-face  and 
admit  blood-vessels  from  the  periosteum;  others,  again,  open 
into  the  medullary  canal,  and  admit  blood-vessels  from  the  in- 
terior. In  this  way  the  Haversian  canals  permeate  the  compact 
substance  of  the  bone,  with  occasional  communications  between 
the  blood-vessels  of  the  periosteum  and  those  of  the  medulla. 
These  canals  may,  in  fact,  be  regarded  as  so  many  multiplica- 
tions of  surface  for  the  ramifications  of  blood-vessels,  whereby 
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every  part  of  the  bone-substance  is  brought  withm  the  range  of 
nutrition. 

In  this  longitudinal  section,  the  lamellas,  instead  of  being 
arranged  concentrically,  are  seen  running  in  lines  parallel  with 
the  longitudinal  Haversian  canals  to  which  they  belong. 

Bone  Tissue. — At  this  stage  of  the  investigation,  a  question 
naturally  arises  :  Where  is  the  earthy  material,  the  phosphate 
and  carbonate  of  lime  ?  To  see  this,  the  transverse  section  must 
be  magnified  about  1,200  diameters.  (Plate  II.  fig.  6.)  We 
then  discover  that  the  earthy  ingredient  consists  of  an  infinite 
multitude  of  minute  osseous  granules,  which  are  deposited  in  a 
'  matrix '  or  bed  of  animal  matter.  This  mixture  of  earthy 
granules  and  animal  matter  is  called  '  bone  tissue.'  It  occupies 
all  the  space  between  the  lacunae  and  then-  canaliculi.  If  the 
specimen  were  steeped  for  a  time  in  dilute  hydrochloric  acid, 
the  osseous  granules  would  be  dissolved  out  of  it,  and  the  Httle 
pits  in  the  matrix  in  which  the  granules  were  embedded  would 
become  apparent. 

So  far  we  have  acquked  a  general  notion  of  the  minute 
structure  of  bone  ;  that  is  to  say,  of  the  '  Haversian  canals,'  the 
'  lacunte  '  and  their  '  canaliculi,'  the  '  lamellae,'  and  the  '  osseous 
granules.'  We  must  now  speak  of  these  several  parts  a  httle 
more  in  detail ;  and  first,  of  the  Haversian  canals. 

Haversian  Canals. — As  said  before,  the  Haversian  canals 
are  tunnels  in  the  compact  substance  of  the  bone,  which  contain 
the  blood-vessels.  Observe,  they  form  no  part  of  the  essential 
structure  of  bone.  Wherever  bone  is  so  thin  as  to  be  able  to 
derive  its  nutrition  from  the  vascular  membrane  covermg  its 
sm-face,  we  do  not  find  Haversian  canals  in  it,  nor  does  it  re- 
quire any.  For  instance,  the  delicate  plates  of  bone  composing 
cancellous  tissue,  the  paper-like  bones  in  the  interior  of  the  nose, 
have  no  Haversian  canals  in  them;  but  they  have  plenty  of 
lacunae,  which  send  out  their  canaliculi  to  open  on  the  surface 
and  imbibe  the  requisite  nutriment.  Bone  so  thin  as  to  need  no 
Haversian  canals  is  called  '  non-vascular '  bone.  Such  bone  lives 
upon  the  blood  which  flows  through  the  mmute  vessels  of  its 
jDeriosteum.    Bone  has,  therefore,  like  all  other  living  structures, 
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a  self-formative  power,  and  draws  from  the  blood  the  materials 
for  its  own  nutrition. 

The  Haversian  canals  vary  in  diameter  from  joVo  xot  of 
an  inch,  the  average  being  about  -^q.  The  smallest  are  found 
near  the  outer  sm-face,  where  the  bone  is  the  most  compact ;  but 
they  gi-adually  become  larger  towards  the  interior,  where  they 
open  out  into  the  cancellous  tissue,  or  into  the  medullary  cavity. 
All  running  in  the  long  axis  of  the  bone  are  surrounded  by 
concentric  lamellsB  of  bone;  but  the  number  of  the  lamellfe 
varies  around  different  canals  from  1  to  15  or  more ;  a  smaller 
number  in  young  bone,  and  a  larger  m  old.  All  are  lined  by  a 
very  dehcate  membrane,  continuous  with  the  endosteum.  The 
smallest  canals  contain  only  a  single  capillary  blood-vessel ;  the 
larger  contain  a  network  of  vessels,  while  the  largest,  which 
gradually  merge  into  the  cancellous  tissue,  contain  marrow  as 
weD  as  blood-vessels. 

Here  it  may  be  as  well  to  mention  a  fact  concerning  the  minute 
structure  of  bone,  which  should  never  be  lost  sight  of.  It  is  this  : 
that  everywhere  the  deepest  part  of  the  membrane  in  contact  with 
the  surface  of  bone,  whether  it  be  the  periosteum  covering  the 
exterior,  the  lining  of  the  Haversian  canals,  or  the  medullary  mem- 
brane (endosteum)  lhamg  the  cancelH,  is  formed  by  a  delicate  layer 
of  soft  connective  tissue,  with  a  multitude  of  small  corpuscles 
m  it,  termed  'osteoblasts.'  Now,  it  has  been  ascertained  that 
these  osteoblasts,  and  the  soft  tissue  m  which  they  are  embedded, 
are  alone  concerned  in  the  formation  and  the  growth  of  the 
bone;  and  that  by  the  successive  ossification  of  these  tissues, 
the  concentric  layers  of  bone  are  produced  within  the  HaversiaA 
canals. 

Haversian  Spaces — Irregular  spaces  not  smTounded  by  any 
concentric  lameUae  may  often  be  seen  in  transverse  sections. 
(Plate  II.  fig.  5.)  They  are  called  Haversian  spaces,  and  are 
formed  mainly  or  entirely  by  ceUs  named  osteoclasts,  which  eat 
out  and  absorb  the  bone.  The  space  having  attained  a  certain 
size,  the  osteoclasts  are  replaced  by  osteoblasts,  which  then  form 
layers  of  bone  and  build  up  an  Haversian  system.  In  bone  under- 
going  atrophy  the  spaces  are  naturally  very  large  and  numerous, 
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Haversian  Canals  dilated  by  Inflammation. — The  know- 
ledge of  the  free  circulation  of  blood  through  the  substance  of 
Fig.  5.  bone  gives  us  the  key  to  some  of  the  effects 

produced  by  inflammation  in  it.  For  ex- 
ample, as  inflammation  in  soft  parts  is 
attended  by  dilatation  of  the  blood-vessels, 
so  is  it  in  the  case  of  bone.  When  bone  is 
actually  inflamed,  the  blood-vessels  in  the 
Haversian  canals  become  greatly  enlarged, 
and  cause  the  canals  themselves  to  become 
BY  INFLAMMATION.  larger  by  absorption  of  the  bone  tissue — so 
much  so  as  to  give  the  bone,  sometimes,  a  reddish  colour.  In 
operations  where  the  surgeon  has  to  cut  through  inflamed  bone, 
one  may  see  the  blood  flowing  from  the  cut  surface  of  the  bone, 
as  it  would  from  the  soft  parts.  More  than  this,  the  distended 
blood-vessels  may  occasion  not  only  a  gradual  enlargement  of 
the  Haversian  canals,  but  their  inflammatory  deposit  may,  some 
think,  cause  even  a  general  swelling  of  the  compact  substance  of 
the  bone  and  a  natural  separation  of  its  component  layers,  so  that 
it  becomes  light  and  spongy,  as  seen  in  the  adjoining  figure.'^ 

Haversian  Canals  obliterated  by  Inflammation. — On 
the  other  hand,  in  some  cases,  e.g.  in  chronic  inflammation,  we 
sometimes  find  that  bones-  become  harder  and  thicker  than 
natural.  They  may  become  as  hard  as  ivory,  and  can  take  a 
poHsh.  Here  the  Haversian  canals  are  nearly  filled  up  by  suc- 
cessive layers  of  bone.  Indurated  bone  is  therefore  less  vascular 
than  healthy  bone.  A  good  example  of  '  eburnation '  of  bone  is 
occasionally  seen  as  the  result  of  chronic  osteo-arthritis,  where 
the  articular  ends  of  bone  lose  their  cartilage  and  become  hard 
ajnd  pohshed  like  ivory,  owing  to  the  blocking  up  of  the  Haversian 
canals  by  osseous  tissue. 

Iiacunae  and  their  Contents. — The  'lacunte  '  are  the  insect- 
like cavities  which  we  find  between  the  lamellfe,  arranged  in 
concentric  circles  around  the  Haversian  canals.  They  are  charac- 
teristic of  true  bone,  and  distinguish  it  from  '  calcifications,'  some- 
times met  with  as  products  of  disease.  Formerly  the  lacunte  and 
canaliculi,  in  consequence  of  their  dark  colour,  were  considered 
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to  be  solid  ;  but  later  observations  have  jDroved  them  to  be  hollow 
spaces.  Each  lacuna  in  the  living  bone  contains  a  soft  nucleated 
substance  termed  a  bone  corpuscle,  which  sends  its  soft  processes 
or  '  outrunners  '  along  the  canaliculi.  The  bodies  in  the  lacun® 
and  canaliculi  cu'culate  nutritious  matter  through  the  bone.  The 
lacim^B  and  canaliculi  can  be  filled  with  Canada  balsam.  It  is 
curious  that  in  the  bones  of  Egyptian  mummies  these  minute 
cavities  are  filled  with  the  bituminous  material.  Such  a  bone 
corpuscle,  with  its  processes  highly  magnified,  is  shown  in  Plate 
m.  fig.  5. 

As  a  rule,  the  lacunae  are  oval  and  flattened,  so  that  one  of 
their  broad  sides  is  turned  towards  the  Haversian  canal.  The 
first  rhag  of  lacunae  sends  some  of  its  canalicuH  dii-ectly  into  the 
Haversian  canal,  while  others  communicate  with  the  canaliculi  of 
the  second  ring,  and  so  on  throughout  the  whole  system.  The 
nutrient  fluid  in  the  perivascular  lymphatics  in  the  Haversian 
canal  enters  the  nearest  canahcuh,  and  then  the  mhabitants  of 
the  neai-est  row  of  lacuns,  and  is  gradually  passed  on  to  all 
the  others  in  the  Haversian  system.  One  may  say,  then,  that 
the  inhabitants  of  the  lacunae  are  parts  of  the  machmery  of  the 
circulation  and  nutrition  in  the  bone. 

Size  and  Shape — In  man,  the  lacunae  measure  about  ^j-oVo 
of  an  inch  in  theii-  long  diameter,  and  about  in  their 

short.    It  has  been  shown  that  they  vary  in  size  and  shape  in 
the  classes  of  vertebrata,  so  that  by  means  of  this  test  it  can  be 
ascertained  with  certainty  whether  a  given  fragment  of  bone  be 
part  of  a  mammal,  a  bh:d,  a  reptile,  an  amphibian,  or  a  fish.  As 
this  test  is  equaUy  apphcable  in  the  case  of  fossil  bones,  it  has 
an  important  bearing  upon  the  study  of  geology.  Another  interest- 
ing fact  is,  that  the  size  of  the  lacunae  bears  very  little  relation  to 
the  size  of  the  animals  to  which  they  belong.    They  are  nearly 
as  largo  in  the  bones  of  the  little  lizard  as  they  are  in  those 
of  the  enormous  extinct  lizard,  the  Iguanodon.    But  their  size 
does  bear  an  exact  proportion  to  that  of  the  blood  corpuscles 
in  the  several  classes  of  animals.    Therefore,  as  amphibia 
have  the  largest  blood  corpuscles,  so  have  they  the  largest 
lacunae.'^ 

c  2 
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Canaliculi:  Size  and  Office.— Eespecting  the  '  canaliculi  ' 
(Plate  II.  fig.  6),  observe  how  exceedingly  minute  they  are; 
that  they  run  off  from  all  paxts  of  the  circumference  of  the 
lacuna)  and  communicate  most  freely  with  the  canaliculi  of  the 
adjoining  lacunte.  Their  diameters  range  from  YTnoir  of  i^i^h 
to  -rroWo  of      ^^^^'>  ^^^^  Smaller.  Soft 

nucleated  corpuscles,  '  bone  corpuscles,'  lie  in  the  lacunae,  and 
have  many  delicate  branching  processes,  by  means  of  which  they 
intercommunicate.  These  branching  processes  he  m  the  cana- 
liculi. 

Iiamellee. — The  '  circumferential '  lamellae  encircle  the  shaft 
of  the  bone  (Plate  II.  fig.  5),  and  result  from  the  bone  growing 
in  thickness  by  a  deposit  of  new  layers  on  the  old  shaft  by  the 
deep  layers  of  the  periosteum. 

The  '  Haversian '  lameUse  are  the  concentric  tubes  of  bone 
enclosing  the  Haversian  vessel.  (Plate  II.  fig.  7.)  These  result 
from  successive  layers  of  bone  being  deposited  around  the  Haver- 
sian vessel,  the  one  within  the  other,  encroaching  more  and  more 
on  the  space  in  which  the  vessel  lies.  This  process  renders  the 
bone  more  dense  in  structure. 

In  transverse  sections  of  fully  formed  Haversian  systems  there 
appear  to  be  from  one  to  fifteen  concentric  rmgs  of  bone,  varying 
in  thickness  from         to         of  an  inch. 

The  ill-defined  and  interrupted  layers  apparent  here  and  there 
in  the  spaces  between  Haversian  systems  are  termed  '  interstitial 
lamellffi.'    (Plate  II.  fig.  7.) 

Nails  (Clavicull)  of  Gag-llardl.  —  In  carefully  made  pre- 
parations of  bone,  it  may  be  seen  that  its  constituent  lamellfe 
are  connected  by  fibres  which  perforate  them  either  at  a  right  or 
an  oblique  angle,  and  thus  '  bolt '  them  together.  These  '  per- 
forating fibres  '  or  bolts  appear  to  answer  a  mechanical  purpose. 
They  are  best  shown  by  separating  the  lamellje  of  a  decalcified 
bone.  Thus  you  see  not  only  some  of  the  bolts  pulled  out,  but 
also  the  holes  through  which  they  passed.''' 

Osseous  Granules. — The  earthy  salts  are  deposited  in 
the  animal  matrix  in  the  form  of  exceedingly  minute  granules. 
The  Germans  call  them  '  bone  crumbs.'    We  cannot  see  them, 
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ho\Yever,  without  a  magnifying  power  of  1,200  diameters.  (Plate 
II.  fig.  6.)  They  vary  in  size  in  different  specimens  of  bone.  In 
man  theii*  size  ranges  from  -g-g'oo  to  of  an  inch.    They  can 

be  very  distinctly  seen  in  the  skulls  of  smaU  birds — the  canary 
for  instance — and  also  in  the  skull  of  the  bat,  where  they  are  so 
much  larger  than  in  the  human  subject.  After  a  section  of  bone 
has  been  steeped  for  some  time  in  dilute  hydrochloric  acid,  these 
earthy  particles  will  be  dissolved  out  of  the  animal  matrix,  and 
the  httle  canities  in  which  they  are  embedded  can  then  be 
distinctly  seen. 

Found  in  Pus  from  Dead  Bone-  —  It  is  an  interesting 
and  valuable  practical  fact,  that  these  earthy  granules  are  gene- 
rally present  in  the  pus  which  comes  from  dead  bone.  If  a 
specimen  of  pus  under  such  circumstances  be  examined  with  a 
power  of  500  diameters,  a  number  of  earth  granules  may  be 
detected  among  the  pus  cells,  proving  that  there  is  dead  bone 
somewhere.i^  In  pus  coming 
from  diseased  bone  there  is 
as  much  as  two  and  a  half 
per  cent,  of  phosphate  of 
Ume.'' 

Articular     Bone.  —  By 

articular  bone  we  understand 
a  thin  layer  of  hard  tissue 
situated  immediately  under 
articular  cartilage  ;  and  since 
there  is  a  peculiarity  about 
the  structure  of  it,  we  will 
allude  to  it  here.  If  a  sec- 
tion be  made  perpendicu- 
larly through  the  articular 
surface  of  any  fresh  bone 
with  the  cartilage  attached, 
fig.  6)  that  the  cartilage  does  not  rest  immediately  upon  the 
cancellous  tissue  of  the  bone,  but  upon  a  thin  compact  crust  of 
calcified  cartilage  resting  on  and  partly  penetrated  by  a  layer  of 
true  bone.  This,  which  we  call '  articular  bone,'  varies  in  thickness, 
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it  will  be  observed  (as  seen  in 
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and  is  of  a  remarkably  white  colour.  The  blood-vessels  of  the  can- 
cellous tissue  run  up  only  as  high  as  its  under  surface,  and  then 
turn  back  in  loops.  This  layer  is  much  less  porous  than  common 
bone,  and  in  consequence  of  its  closer  texture  is  all  the  stronger, 
and  supports  the  articular  cartilage  on  a  very  unyielding  surface. 

Although  articular  bone  and  adult  articular  cartilage  have 
no  blood-vessels  in  health,  yet  they  both  become  vascular  in 
some  cases  of  disease  of  the  cartilage.  Blood-vessels,  when  well 
injected,  may  then  be  seen  shooting  up  through  the  heretofore 
non-vascular  layer  of  bone,  into  the  cartilage  on  its  surface. 

Structure  and  Varieties  of  Cartilage. 

Varieties  of  Cartilag-e.  —  Cartilage,  commonly  called 
'  gristle,'  is  tough,  flexible,  and  more  or  less  elastic.  There  are 
several  kinds  of  it,  which  have  functions  varying  with  theii-  posi- 
,tion  and  structure.  It  consists  of  nucleated  cells  embedded  in  a 
matrix  or  intercellular  substance. 

Cellular  Cartilag-e.— Although  all  cartilages  are  cellular, 
this  term  is  sometimes  applied  to  cartilage  or  cartilage-like 
tissue  in  which  the  structureless  matrix  is  so  small  in  quantity 
that  the  cells  are  polygonal  by  mutual  pressure.  This  variety 
is  found  in  the  external  ear  of  many  small  animals,  and  in  the 
notochord.    (Plate  II.  fig.  1.) 

Hyaline  Cartilag-e. — Where  the  matrix  is  translucent  and 
structureless  it  is  called  hyaline  cartilage.  Nearly  the  entu-e 
skeleton  of  the  foetus  has  this  structure  at  some  time  or  another 
as  well  as  the  cartilage  covermg  the  articular  ends  of  bones. 
(Plate  II.  fig.  2.) 

"White  Fibro-Cartilage. — The  intercellular  substance  may 
be  white  and  fibrous,  then  it  is  called  '  white  fibro-cartilage.' 
This  variety  is  but  slightly  elastic,  but  is  stronger  than  the 
former,  and  the  cells  are  small  and  scattered.  (Plate  II.  fig.  1.) 
The  intervertebral  substance  consists  mainly  of  this  variety  as 
well  as  the  interarticular  fibro-cartilages.    (Plate  II.  fig.  2.) 

Vellow  ribro-Cartilage. — The  gristle  of  the  ear,  epiglottis, 
and  the  Eustachian  tube  is  of  a  yeUow  colour,  is  very  elastic, 
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and  the  hyaline  interceUular  substance  is  mixed  with  interlacing 
wavy  fibres  of  elastin.  It  is  therefore  named  'yellow  fibro- 
cartilage.'    (Plate  II.  fig.  2.) 

Temporary  Cartilag-e. — As  early  as  the  fourth  week  of 
f«tal  hfe,  when  the  embryo  is  but  |  of  an  inch  long,  the  principal 
part  of  the  skeleton  is  mapped  out  by  the  formation  of  firm 
masses  of  tissue  called  '  temporary '  cartilage,  which  is  only  a 
variety  of  the  hyaline. 

Cartilag-inous  Skeleton. — A  week  later  the  intercellular 
substance  has  more  developed  in  this  cartilage,  converting  it 
into  '  hyaline '  cartilage  of  more  ordinary  character,  and  giving  it 
greater  sohdity.  Thus,  the  whole  foetal  skeleton,  with  the  ex- 
ception of  the  skull-cap  and  the  bones  of  the  face,  consists  at  one 
time  of  hyahne  cartilage. 

At  the  fifth  week  bony  substance  begins  to  be  formed  in 
the  middle  of  the  clavicle  ;  at  the  sixth  week  in  the  lower  jaw ; 
and  by  the  seventh  week,  when  the  foetus  is  about  an  inch  long 
(Norm.  Hum.  Ost.  No.  1),  a  small  deposit  of  bone  has  made  its 
appearance  in  the  middle  of  nearly  every  bone  in  the  body.  The 
points  at  which  the  formation  of  bone  commences  are  called 
the  '  centres  of  ossification.'  It  will  therefore  be  understood 
that  the  formation  of  bone  does  not  take  j)lace  at  the  same  time 
in  aU  parts  of  the  cartilage,  but  only  about  these  '  centres  of 
ossification.' 

BXeaning-  of  Centres  of  Ossification. — Every  bone  has  a 
definite  number  of  these  centres,  which  al^^ays  appear  in  the 
same  place;  and  from  these  centres  the  ossification  extends 
according  to  a  regular  plan.  The  number  of  centres  varies  in 
different  bones.  Some  bones  have  only  a  smgle  centre  ;  others 
two,  three,  five,  seven,  &c. ;  and  the  bone  called  the  '  sacrum  ' 
has  as  many  as  thirty-three  centres  from  which  its  ossification  is 
completed. 

Observe,  the  centres  of  any  given  bone  do  not  all  appear  at 
once  ;  some  appear  before  birth,  others  after  it,  but  all  in  regular 
succession,  and  at  stated  periods,  according  to  the  degree  of  im- 
portance of  the  bone,  and  the  function  which  it  has  to  perform  ; 
e.g.  the  lower  jaw  and  the  ribs  ossify  early,  because  suction  and 
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respiration  are  brought  into  play  at  birth.  As  a  general  rule,  each 
centre  appears  first  in  the  middle  of  the  cartilage  ;  and  thence  the 
ossification  extends  towards  the  circumference  lq  the  fiat  bones, 
and  towards  the  extremities  in  the  long  bones.  Almost  all  the 
bones,  then,  in  infancy  and  childhood  are  made  up  of  so  many 
distinct  bony  pieces  united  together  by  cartilage;  and  these 
several  pieces  remain  distmct  until  the  stature  of  the  individual 
is  complete,  after  which  they  are  all  consolidated. 

Perichondrium.— All  kinds  of  cartilage,  with  the  exception  of 
that  which  covers  the  ends  of  the  bone  (articular  cartilage),  are 
invested  with  a  white  fibrous  membrane,  termed  '  perichondrium.' 
This,  like  the  periosteum  of  the  bones,  contains  plexuses  of  blood- 
vessels ramifying  all  over  the  cartilage. 

Cartilage  usually  contains  few  or  no  blood-vessels.  But  when 
rapidly  growing  or  diseased,  it  has  been  proved  by  injection 
that  blood-vessels  do  shoot  into  the  cartilage  from  the  adjacent 
parts. 

Ossification  of  Femur. — As  an  example  of  what  can  be  seen 
of  the  process  of  ossification  with  the  naked  eye,  let  us  follow  out 
that  of  the  thigh-bone.  (Plate  IV.  figs.  Ito  6.)  The  futm-e  bone 
is  at  first  sketched  out  in  hyaline  cartilage.  About  the  seventh 
week  after  conception,  the  first  centre  of  ossification  appears  in 
the  middle  of  the  shaft — as  is  the  case  in  all  the  long  bones 
(fig.  1).  From  this  point  ossification  gradually  extends  up  and 
down  the  shaft,  which  is  all  ossified  before  the  other  centres 
appear.  About  the  last  month  of  foetal  life,  a  second  centre 
appears  in  the  lower  end,  which  forms  the  knee  (fig.  3).  About 
the  end  of  the  first  year  after  bu'th,  a  third  centre  appears  at 
the  upper  end  or  head  of  the  bone  (fig.  4) .  In  the  course  of  the 
■fourth  year,  a  fourth  centre  appears  in  the  projection  termed  the 
'trochanter  major'  (fig.  5).  In  the  course  of  the  fourteenth  or 
fifteenth  year  a  fifth  and  last  centre  appears  in  the  '  trochanter 
minor '  (fig.  6). 

'  Diaphysis  '  and  '  Epiphysis.' — Thus,  then,  the  thigh-bone 
has  five  centres  of  ossification.  The  shaft  or  body  of  the  bone, 
which  ossifies  first,  is  called  the  '  diaphysis ;  '  the  other  parts 
are  termed  '  epiphyses.'   As  these  epiphyses,  during  the  period  of 
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growth,  are  only  united  to  the  shaft  by  a  layer  of  cartilage,  the 
separation  of  an  epiphysis  by  violence  is  not  an  unfrequent 
accident  in  childhood.  When  growth  is  complete,  all  the  epiphyses 
are  consolidated  with  the  rest  of  the  bone,  and  no  cartilage  remains 
except  at  the  articular  surfaces,  where  there  is  a  thin  layer  of  it 
which  breaks  the  shocks  at  the  joints.  An  '  epiphysis,'  therefore, 
is  a  portion  of  bone  growing  upon  another,  but  separated  from  it 
by  cartilage. 

Order  of  Vnioii  of  Epiphyses  to  Shaft. — It  is  worth  ob- 
serving, in  the  long  bones,  that  the  epiphyses  of  that  end  towards 
which  the  canal  for  the  medullary  artery  runs,  are  the  last  to 
commence  to  ossify. 

It  is  a  cm-ious  fact,  also,  that  the  order  in  which  the  epiphyses 
unite  to  the  shaft  of  a  bone  is  just  the  reverse  of  that  in  which 
they  begin  to  ossify.  Thus,  the  epiphysis  of  the  trochanter 
minor,  though  ossifying  last,  unites  first.  The  same  may  be  said 
of  the  trochanter  major,  of  the  head  of  the  femur,  and,  lastly,  of 
the  lower  end.  At  the  age  of  twenty-one,  or  near  it,  they  have 
all  united  to  form  a  single  bone.  The  fibula  is  the  only  ex- 
ception to  the  above  rules,  its  lower  epiphysis  ossifying  first  and 
uniting  first  to  the  shaft. 

In  Sauropsida,  the  place  of  the  epiphyses  is  taken  by  thick 
pads  of  cartilage,  which  gradually  ossify  from  the  shafts.  These 
are,  therefore,  not  true  epiphyses.  Birds,  however,  have  a 
centre  of  ossification  which  appears  in  the  upper  projection  of 
cartilage  on  the  tibia.  This  may  be  seen  in  the  leg  of  a  common 
fowl. 

Advantag-es  of  several  Centres. — The  fact  that  bones  are 
developed  from  several  ossific  centres,  separated  by  layers  of 
cartilage,  is  advantageous  to  the  growing  animal.  For  example, 
it  is  necessary  to  have  the  shaft  of  a  bone  ossified  to  support 
weight,  while  other  parts  remain  cartilage  and  diminish  con- 
cussion, thus  acting  as  buffers.  '  The  young  lamb  or  foal,'  to 
use  the  words  of  Professor  Owen,  '  can  stand  on  its  four  legs  as 
soon  as  it  is  bom  ;  it  hfts  its  body  well  above  the  ground,  and 
quickly  begins  to  run  and  bound.  The  shock  to  the  limbs  them- 
selves is  broken  and  diminished  at  this  tender  age  by  the  division 
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of  the  suiDporting  long  bones — by  the  interposition  of  the  cushions 
of  cartilage  between  the  diaphyses  and  the  epiphyses.' 

We  see,  moreover,  a  definite  use  in  separate  centres  of  ossifi- 
cation for  the  bones  of  the  head,  not  only  as  facilitating  growth,- 
but  also  the  process  of  birth.  The  bones  of  the  skull-cap,  being 
connected  only  by  membrane,  overlap  each  other  a  little  during 
parturition,  and  thus  a  large  head  is  passed  through  a  compara- 
tively small  pelvis. 

Bones  developed  in  Membrane. — Most  of  the  bones  in 
the  human  body  pre-exist  in  the  shape  of  cartilage,  and  form 
what  is  called  the  '  cartilaginous  skeleton,'  which  supports  the 
embryo.  But  there  are  some  bones  which  do  not  pre-exist  as 
cartilage,  and  are  formed  directly  in  membrane,  composed  of  felted 
bundles  of  the  tough  white-fibrous  tissue  (Plate  II.  fig.  3) ;  such 
are  the  bones  of  the  skuU-cap  (the  frontal  bone,  the  parietal, 
the  upper  half  of  the  occipital,  the  squamous  and  tympanic  parts 
of  the  temporal) ;  also,  the  bones  of  the  face ;  and  lastly,  the 
inner  plate  of  the  iDterygoid  j)rocess  of  the  sphenoid.  In  short, 
none  of  the  bones  of  the  skuU  pre-exist  as  cartilage,  except  those 
which  form  the  base  of  the  skuU.  The  base  is  sketched  out  in 
cartUage  at  a  very  early  period  of  foetal  life,  and  forms  a  support 
to  the  young  brain.  The  cap  of  the  skull,  at  the  time  we  are 
speaking  of,  is  simply  membranous. 

Ossification  in  BXembrane. — We  will  examine  first  what 
can  be  seen  of  the  formation  of  bone  in  membrane  with  the 
naked  eye,  taking  the  parietal  bone  as  an  example.  In  the  early 
embryo  (Norm.  Hum.  Ost.,  Nos.  1  to  43)  the  covering  of  the  brain 
is  composed  of  two  closely  united  membranes — an  outer,  termed 
the  '  pericranium  ; '  and  an  inner,  termed  the  '  dura  mater  : ' 
between  these  the  bone  is  laid  down.  About  the  end  of  the 
second  month  after  conception,  a  centre  of  ossification  appears 
in  the  middle  of  the  space  which  is  to  be  occupied  by  the  parietal 
bone.  From  this  point  the  deposition  of  bone  spreads  in  ra- 
diating fibres.  (Plate  IV.  fig.  7.)  Similar  centres  of  ossification 
appear  simultaneously  in  other  parts  of  the  soft  covering  of  the 
brain,  and,  radiating  in  the  same  manner,  sketch  out  the  rudi- 
ments of  the  several  bones  of  the  skull-cap.    For  some  time  the 
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individual  bones  are  connected  simijly  by  membrane  ;  and  even 
at  birth  they  can  overlap  each  other  a  little,  and  so  facilitate 
parturition.  Long  after  birth,  indeed,  there  are  parts  of  th& 
skull-cap  closed  in  by  membrane  only,  as  everyone  Imows  who  has. 
felt  the  head  of  an  infant.  (Plate  XVIII.  fig.  4.)  These  unossified 
parts  are  called  the  '  fontanelles,'  from  the  visible  pulsations  of 
the  braia  beneath  them,  like  the  weUing  up  of  a  spring.  As  the 
child  grows,  the  rays  from  the  edges  of  the  bones  meet  and 
dovetail  so  as  to  form  what  are  called  the  '  sutures.'  (Plate  XVIII. 
fig.  2.)  For  a  long  period  of  life  the  sutures  may  be  separated  ; 
indeed,  a  thin  film  of  animal  matter  is  left  unossified  between  the 
interlocking  teeth  of  the  bone,  which  considerably  dimmishes  the 
shock  to  the  brain  from  a  blow  on  the  cranium.  As  old  age  creeps 
on,  even  this  fihn  of  animal  matter  ossifies,  and  the  cap  of  the 
skull  becomes  a  solid  dome  of  bone,  with  all  trace  of  the  sutures 
lost. 

Microscopic  Examination. — Let  us  now  study  what  can  be 
learned  with  the  microscope  of  the  process  of  ossification  in  mem- 
brane, taking  that  of  the  parietal  bone  as  an  example. 

The  membrane  or  animal  basis  to  be  ossified  is  composed  of 
fibres  like  those  of  common  connective  tissue.  The  fibres  inter- 
lace freely,  and  the  meshes  between  them  are  occupied  by  blood- 
vessels and  closely  packed  granular  corpuscles. 

Chang-es  in  the  Membrane. — The  centre  of  ossification  is 
at  the  (future)  parietal  eminence.  Just  before  the  appearance 
of  the  bone  salts,  the  membrane  becomes  thicker  and  more  vas- 
cular, and  rich  m  cells.  Its  component  fibres  radiate  in  thicker 
bundles  from  the  centre  towards  the  circumference,  sketching  in 
advance  the  lines  in  which  the  bone  is  to  be  laid.  Meantime  the 
cells  C  osteoblasts  ')  have  enormously  multiplied. 

Osteoblasts:  their  Function  The    'osteoblasts'  (bone 

buds  or  germs)  are  gi-anular  nucleated  corpuscles  about  the 
size  of  the  colourless  corpuscles  of  the  blood.  They  are  so 
named  because  they  and  their  descendants  appear  to  take  most 
important  parts  in  the  actual  formation  of  bone.  It  is 
probable  that  they  are  not  all  destined  to  a  like  future.  But 
one  of  their  chief  functions  appears  to  be  to  abstract  from 
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the  blood  the  bone  salts,  to  deposit  them  in  and  around  the 
fibres  of  the  membrane,  and  to  become  themselves  bmied  in 
the  fabric  of  the  bone,  as  the  bricks  of  a  building  are  in  the 
mortar. 

From  the  centre  of  ossification  the  deposit  of  bone  shoots 
out  in  needle-Hke  rays  (trabeculte)  towards  the  cncumference, 
as  shown  in  the  annexed  wood-cut  (fig.  7).  Under  a  high  power 
the  rays  of  bone  can  be  seen  covered  with  layers  of  osteoblasts, 

by  which  the  trabecule  grow  in  thick- 
ness. The  best  ]3lace  to  study  the 
process  is  at  the  points  of  the  rays 
where  the  membrane  is  more  or  less 
transparent.  From  these  points  fine 
fibres  (osteogenetic  fibres)  may  usually 
be  seen  extending  between  the  cells. 
The  fibres  may  either  remain  soft 
or  become  hardened  by  hme  salts; 
when  surrounded  by  true  bone,  they 
are  known  as  '  nails  of  GagHardi '  or 
perforating  fibres.  The  osteoblasts 
that  surround  the  osteogenetic  fibres, 
or  lie  on  the  surface  of  bone,  elabo- 
rate from  the  blood,  and  pour  out 
upon  their  surface  the  organic  sub- 
stance of  the  matrix  of  bone,  to  which 
an  increasing  amount  of  the  lime  salts 
is  added.  Certain  of  the  osteoblasts 
getting  embedded  in  the  matrix  they  are  forming,  are  spoken  of 
as  the  bone  corpuscles ;  the  space  which  contains  them,  as  the 
lacuna;  the  canaHcuU  being  the  fine  tubes  in  which  the  pro- 
cesses of  the  bone  corpuscles  are  contauied  and  by  which  they 
are  connected  with  one  another  and  the  osteoblasts  on  the 
surface.    (Plate  III.  fig.  3.) 

To  see  how  the  bone  grows  in  thickness,  a  section  should  be 
made  across  the  rays  where  they  are  a  little  thicker.  Such  a 
section  (fig.  8)  shows  that  the  rays  become  connected  by  cross 
arches,  and  thus  form  channels  in  which  the  blood-vessels  and 
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bone-building  materials  lie.  These  channels  are  the  Haversian 
canals.    Some  of  them  remain  as  cancellous  tissue  ;  others  are 

Fig.  8. 
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VERTICAL  SECTION  THROUGH  AN  OSSIFYING  PARIETAL  BONE. 

gradually  reduced  in  size  by  concentric  layers  of  bone,  and  be- 
come Haversian  systems.   (Plate  IV.  fig.  8.) 

Bone  Corpuscles  :  Orig-in. — The  interesting  but  difficult 
question  as  to  the  origin  of  the  bone  corpuscles  and  their 
connectmg  processes  has  been  for  many  years  under  discussion. 
But  the  now  generally  accepted  doctrme  is,  that  they  are 
developed  from  some  of  the  osteoblasts.  It  has  been  already 
observed  that  the  cells  where  ossification  is  occurring  have 
probably  not  all  the  same  future.  Some  may  degenerate  and 
disappear.  Others  may  remain  as  marrow  cells,  or  by  assuming 
the  duty  of  bone  formation  constitute  osteoblasts,  these  agam 
when  embedded  in  matrix  become  the  bone  corpuscles. 

Osteoclasts. — Where  bone  is  being  absorbed  either  as  part 
of  the  normal  process  of  moiilding  the  skeleton  to  its  adult  con- 
dition, or  in  disease,  we  find  the  removal  to  be  chiefly  if  not 
entirely  effected  by  large  multi-nucleated  cells  (osteoclasts) .  The 
origin  of  these  is  doubtful,  they  may  be  the  result  of  fusion  of 
osteoblasts  or  of  escaped  white  blood  corpuscles.  (Plate  III.  fig.  3.) 

Ossification  in  Cartilag-e.— We  will  now  endeavour  to  ex- 
plain that  the  process  of  ossification  in  cartilage,  rightly  under- 
stood, is  essentially  like  ossification  in  membrane.  In  both  cases 
the  materials  for  bone-building  are  similar,  namely,  connective 
tissue,  blood-vessels,  and  the  little  corpuscles  termed  'osteo- 
blasts.' The  old  school  used  to  teach  that  the  cartilage  was 
directly  transformed  into  bone  tissue.  But  this  is  not  the  modern 
doctrine.  The  microscope  has  proved  that  the  cartilage  is  only  a 
temporary  structure,  that,  having  answered  a  temporary  purpose. 
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it  is  removed,  and  that  true  bone  tissue,  of  which  the  materials 
are  derived  from  the  jDeriosteum,  is  substituted  in  its  place  as  a 
new  product. 

The  first  step  taken  when  ossification  is  about  to  occur  in 
cartilage  is  either  the  increase  of  its  vascularity  if  it  ah-eady 
•contain  blood-vessels ;  or  if  not,  vascular  processes  of  the  peri- 
chondrium penetrate  it.  Coincident  with  this,  the  cartilage  cells 
increase  in  number  and  size,  by  dividing  chiefly  in  a  direction 
at  right  angles  with  that  in  which  the  bone  is  gomg  to  extend, 
so  that  rows  of  cells  are  formed,  the  cells  at  the  same  time  be- 
commg  distended  with  fluid.  The  matrix  between  the  rows  then 
becomes  calcified,  and  the  vascular  processes  penetrate  and  destroy 
the  cell  groups.  Some  of  the  small  cells  which  are  associated 
with  the  blood-vessels  then  arrange  themselves  on  the  trabeculse 
of  calcified  cartilage  matrix,  and  form  true  bone  on  them.  Other 
cells  remain  to  constitute  the  marrow.    (Plate  III.  fig.  1.) 

Crust  of  Bone  around  Shaft.  —  Pari  passu  with  this 
tunnelling  of  calcified  cartilage  by  the  ingrowths  and  the  forma- 
tion of  bone  around  the  calcified  matrix,  the  deep  layer  of  the 
periosteum  is  at  work,  laying  down  a  gradually  thickening  crust 
of  true  bone  around  the  shaft.  This  process  is  not  preceded  by 
cartilage,  but  is  direct  membranous  ossification,  as  in  the  tabular 
bones  of  the  skull. 

Summing--up. — To  form  a  correct  idea  of  these  separate 
processes,  the  mind  must  grasp  them  as  going  on  all  together, 
not  one  after  the  other.  Their  general  results  may  be  summed 
up  as  follows  (fig.  9) :  1.  The  cartilage  at  the  middle  is 
hollowed  into  a  cavity  (general  medullary)  and  filled  by  osteo- 
blastic or  bone-building  tissue  and  blood-vessels  (e).  2.  The 
lateral  walls  of  this  cavity  are  formed  by  the  porous  bone  which 
has  developed  in  the  cartilage  (d),  the  ends  of  the  shaft  being 
closed  by  cartilage  still  growing  and  giving  place  to  bone  («,  b). 
3.  The  periosteum  gives  origin  to  a  layer  of  porous  bone  which 
may  either  form  a  distinct  ring  outside  that  formed  in  cartilage 
or  be  continuous  with  it.  4.  Whilst  the  bone  is  growing  in 
length  by  ossification  in  cartilage,  and  in  circumference  by 
ossification  in  membrane  (periosteum),  the  medullary  cavity  is 
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enlarging  by  the  erosive  action  of  osteoclasts.  5.  The  cartilage 
towards  the  ends  is  tunnelled  (by  periosteal  ingrowths)  into 
u-regnlar  tubular  (medullary)  spaces,  also  filled  with  osteoblastic 
tissue  (c).  These  spaces  freely  communicate  with  the  general 
medullary  cavity,  but  are  blocked  towards  the  growing  ends  by  a 
boimdary  line  of  cartilage  (b).  It  is  m  these  spaces  that  blood- 
vessels in  injected  preparations  can  be  seen  runnmg  up  to  the 
6,  The  walls  of  these  tubular  spaces  are  formed 


cartilage  cells. 


Fig.  9. 


Epiphysis. 

i  Bows  of  cartilage  cells  in  calcified  matrix, 
c  Tubular  spaces  filled  witli  osteoblastic  tissue. 


Circumferential  crust  of  porous  bone. 


*    General  medullary  cavity. 


■J'  Periosteum. 


(The  dark  spots  throughout  the  diagram 
represent  osteoblasts.) 


DIAGEAII  OF  A  LOKGITUDINAL  SECTION  OF  FCETAL  LONG  BONE. 

by  the  slender  remains  (trabeculce)  of  the  calcified  matrix. 
These  slender  remains  serve  as  the  foundation  upon  which  the 
true  bone  is  laid,  and  by  which  its  cancellous  architecture  is 
directed. 

For  the  more  minute  observation  of  the  process  of  ossification 
in  cartilage,  it  is  best  to  take  the  '  line  of  ossification '  at  the 
epiphysis  of  a  long  bone.  The  drawing  (fig.  1,  Plate  III.)  is 
intended  to  illustrate  it. 
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Near  the  top  of  the  drawing  the  cartilage  cells  are  seen  en- 
larged and  arranged  in  rows  (b).  The  calcified  matrix,  represented 
by  a  darker  tint,  lies  not  only  between  the  rows,  but,  to  a  certain 
extent,  between  the  cells,  so  that  it  makes  transverse  as  well  as 
vertical  septa  between  them.  A  little  lower,  we  see  the  tubular 
spaces,  filled  with  the  bone-building  materials,  namely,  osteoblastic 
tissue  and  blood-vessels.  The  blood-vessels  form  loops  along  the 
line  of  ossification,  where  the  osteoblasts,  having  absorbed  the 
transverse  septa  of  calcified  matrix,  are  invading  the  cartilage  cells 
which  disappear.  We  see  how  the  tubular  spaces  are  formed  by 
the  vertical  remains  (trabeculse)  of  the  calcified  matrix  ;  how  these 
spaces  communicate  here  and  there  with  each  other  where  their 
walls  have  been  absorbed ;  how  the  remains  (trabeculae)  of  the 
calcified  matrix  form  a  basis  upon  which  the  osteoblasts  have 
formed  bone. 

Experiments  with  Ittadder. — That  bones  grow  in  thick- 
ness by  additions  to  their  surface,  and  not  by  interstitial  de- 
posit, is  proved  from  the  interesting  experiments  made  with 
madder.  It  was  accidentally  discovered  by  Mr.  Belchier,  that 
madder  tinges  the  bones  red.  He  gives  the  following  account 
of  the  circumstances  mader  which  the  discovery  was  made.^^ 
He  happened  to  be  dining  with  a  calico-printer  on  a  leg  of  fresh 
pork,  and  was  surprised  to  observe  that  the  bones,  instead  of  being 
white,  as  usual,  were  red.  On  making  inquiry,  he  found  that  the 
pig  had  been  fed  on  the  refuse  of  the  dyeing  vats,  which  contained 
a  large  quantity  of  the  colouring  substance  of  madder.  This  fact 
naturally  attracted  the  attention  of  physiologists.  The  red  tinge 
was  found  to  be  communicated  much  more  quickly  to  the  bones  of 
growing  animals  than  to  those  full-grown.  The  bones  of  a  young 
pigeon  were  tinged  a  rose  colour  in  twenty-four  hom-s.  In  the 
adult  bird  it  took  fifteen  days  to  do  it.  The  effect  of  madder  upon 
bones  depends  upon  this  :  The  colouring  principle  of  the  madder 
{Rubia  tinctorum)  has  a  strong  affinity  for  phosphate  of  lime.  It 
appears,  however,  that  the  vegetable  dye  does  not  combme  with 
the  matrix  already  formed,  but  only  with  that  which  is  actually 
forming.  Therefore,  smce  the  dye  tinges  only  the  most  recent  de- 
posit of  bone,  it  is  possible  to  produce  alternate  rings  of  white 
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and  red  bone,  by  periodically  administering  and  withholding  the 
madder  as  an  article  of  diet.  These  rings  will  be  observed  not 
only  at  the  cu-cumference  of  the  bone,  but  also  within  the  Haver- 
sian systems. 

Growth  in  Leng-th  of  Bones. — Bones  increase  in  length, 
not  so  much  by  mterstitial  deposit,  as  by  addition  to  their  ends 
that  is,  by  progressive  ossification  of  the  layers  of  cartilage  which 
intervene  between  the  ends  of  the  shaft  and  the  epiphyses.  These 
layers  of  cartilage  furnish  the  animal  basis  of  ossification,  by  con- 
stantly growing,  while  they  ossify  on  then-  upper  and  lower  sur- 
faces. When  the  cartilage  ceases  to  grow,  ossification  still  goes 
on  till  the  component  parts  of  the  bone  are  all  united  by  bony 
matter ;  and  thus  the  stature  of  the  individual  is  determined.  If 
from  inflammation  or  other  cause  the  epiphyses  unite  sooner  than 
they  ought  to  do,  then  one  limb  may  be  shorter  than  the  other  ; 
or  inflammatory  stimulation  may  induce  an  increased  length. 
That  bones  grow  chiefly  by  addition  to  their  ends  was  proved  by 
Hunter.  He  introduced  shots  at  definite  distances  into  the  shaft 
of  a  growingbone  of  a  common  fowl,  and  examined  them  a  fortnight 
or  three  weeks  afterwards.  The  distance  between  the  two  shots 
was  foimd  only  half  as  much  increased  as  the  distance  between  a 
given  shot  and  the  end  of  the  bone.    (Phys.  Ser.  Nos.  188,  189.) 

Value  of  Periosteum. — Such  is  an  outline  of  the  structure 
and  formation  of  bone.    It  is  a  subject  interesting  not  only 
for  its  own  sake,  but  because  it  helps  us  towards  the  ex- 
planation of  what  we  are  every  day  seeing  of  the  progress  of 
disease,  and  the  repair  of  injuries  in  bone  ;  and  what  is  more, 
it  helps  us  towards  a  rational  treatment  of  them.    To  give  a 
few  examples.    Look  at  the  value  of  the  periosteum.  Suppose 
a  portion  of  periosteum  to  be  detached  by  injury  or  disease  from 
the  surface  of  a  bone,  a  part  of  the  subjacent  bone  will  run  great 
risk  of  dying.    It  will  not  necessarily  die,  because  it  may  derive 
sufficient  nourishment  from  the  blood-vessels  in  the  subjacent 
Haversian  canals.    In  a  case  of  compound  fracture,  where  there 
are  loose  fragments  of  bone,  we  ought  not  to  remove  any  that 
are  still  connected  to  their  periosteum.    Or,  when  a  portion 
of  the  skull-cap  sliced  off  by  a  sabre  cut  adheres  firmly  to  a  flap 
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of  tlie  scalp,  tlie  flap  witli  the  bone  sliould  be  re-applied,  and  tbe 
cure  will  frequently  be  effected  without  death  of  bone.    In  the 
Hunterian  Museum  are  several  skulls  which  have  suffered  from 
•severe  sabre  cuts.    The  portions  of  bone  thus  sHced  off  were 
once  detached,  and  afterwards  reunited  a  little  out  of  then-  proper 
places,  so  that  the  lines  of  original  separation  and  subsequent 
union  can  be  distinctly  seen.    (Path.  Ser.  Nos.  2892  to  2899.) 
-Again,  there  are  cases  in  which,  either  from  exposure  to  cold  or 
from  direct  injury,  acute  inflammation  of  the  periosteum  of 
the  shaft  of  a  bone  ensues,  effusion  of  fluid  takes  place  beneath 
it,  and  severs  the  connection  between  it  and  the  bone.  The 
death  (necrosis)  of  the  entire  shaft  may  be  the  consequence. 
Then,  what  happens?    As  the  inflammation  subsides,  the  bone- 
secreting  layer  of  the  periosteum  forms  new  bone  around  that 
which  is  dead,  and  by  degrees  incloses  it  in  a  bony  case.  The 
dead  bone  Ues  loose  in  this  new  case,  having  been  detached 
from  the  articular  ends,  which  do  not  die  like  the  shaft,  and 
for  the  reason  that  the  epiphysial  ends  receive  sufficient  blood 
for  their  nutrition  from  the  articular  arteries,  independently 
of  what  they  receive  from  the  shaft.     The  articular  ends  of 
the  old  bone  become  in  time  the  articular  ends  of  the  new. 
Thus,  the  periosteum  has'  formed  a  new  shaft  with  a  capacious 
cavity  in  its  interior,  in  which  the  old  bone  is  inclosed,  and 
will  remam  so,  and  be  a  source  of  irritation  for  years,  unless 
removed  by  a  surgical  operation. 

Although  the  periosteum  holds  the  first  rank  of  all  the  struc- 
tures which  repak  bone,  still  we  are  not  to  suppose  that  it  is 
■  absolutely  essential  to  the  process.  Under  certam  cii'cumstances 
we  find  various  other  structures  becoming  transformed  into  bone. 
For  example  :  in  a  case  of  compound  fracture  of  the  leg,  where 
a  portion  of  the  entire  circumference  of  the  tibia,  mcludmg  its 
periosteum,  was  taken  away,  the  vacancy  in  the  bone  was  fiUed 
up  by  new  osseous  substance  formed  by  the  surroundmg  soft 
tissues,  and  there  was  no  shortening  of  the  limb.'^°  Again,  we 
occasionally  see  the  intervenmg  soft  tissues  formmg  bridges  of 
bone,  and  so  repairing  a  fracture  where  the  broken  ends  them- 
selves are  widely  apart. 
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material  which  Repairs  Fracture. — Fractures  are  re- 
paired by  a  material  similar  to  that  out  of  whicli  bone  was 
originally  formed.    The  animal  matter  which  is  first  laid  down 
is  of  a  fibrous  or  cartilaginous  nature — or  a  mixture  of  both,  as 
the  case  may  be — and  then  earthy  salts  are  deposited  in  it.  In 
the  case  of  a  simple  fracture,  where  the  broken  ends  are  kept 
in  contact  and  perfectly  immovable  by  surgical  appliances,  the 
bones  unite  almost  like  an  incised  womid  of  soft  parts.    After  all 
the  efiused  blood  is  absorbed  from  between  the  broken  ends,  a 
soft  fibrous  substance  (blastema)  full  of  osteoblasts  is  thrown  out 
fi-om  the  ends  of  the  broken  bone,  which  forms  a  thin  layer  of 
animal  matter  (intermediate  callus)  between  them.  This  gradually 
becomes  fii-mer,  and  bone  is  formed  in  it  by  one  of  the  processes 
ahready  described.  So  the  ends  are  united.  This  occupies  a  period 
varying  from  fom-  to  ten  weeks,  accordmg  to  the  bone  broken ; 
e.g.  the  clavicle  and  the  ribs  unite  more  quickly  than  other  bones, 
probably  fi-om  theii-  gi-eater  vascularity.  The  process  is  simply  an 
excess  of  nutrition.  Apparently  more  new  bone  than  is  necessary 
is  formed.    The  excess  fills  up. the  medullary  cavity,  at  the  seat 
of  fracture,  and  rounds  off  corners  if  there  be  any.  But  when  the 
permanent  uniting  medium  is  strong,  all  that  is  seemingly  super- 
fluous is  gi-adually  absorbed,  and  the  medullary  canal  is  restored 
to  its  orighaal  condition,  after  a  period  varying  from  six  to  twelve 
months.    On  the  other  hand,  if  the  fracture  be  not  kept  steady— 
for  instance,  in  the  case  of  animals— a  kind  of  temporary  splint  is 
formed  in  the  shape  of  a  broad  and  thick  ferule  of  cartilage, 
which  ossifies  around  the  ends  of  the  broken  bone,  and  keeps  them' 
almost  immovable,  while  the  permanent  process  of  repaii-is  going 
on  between  them.  This  ferule,  termed  the  provisional  callus,^!  does 
not  disappear  until  the  fracture  has  been  thoroughly  repaii-ed. 
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BONES  OF  THE  SKULL. 


Eon  convenience  of  description  the  bones  of  the  skull  are  divided 
into  those  which  form  the  '  cranium '  or  brain-case,  and  those 
which  form  the  skeleton  of  the  face.  Each  of  these  will  be 
described  separately,  and  afterwards  the  skull  will  be  exammed 
as  a  whole. 


8  Bones  op 
THE  Ceanium, 
excluding  Wor.  ^ 
mian  bones  and  J  gpi^enoid 
bones  of  ear.  (Ethmoid. 


/  Occipital, 
]  Frontal, 
1 2  Parietal 
1 2  Temporal, 


14  Bones  op 
THE  Face, 
excluding  teeth, 
which  really  do 
not  belong  to 
skeleton  proper. 


,2  Superior  Maxillary, 
2  Malar, 
2  Nasal, 
2  Palate, 
2  Lachrymal, 
2  Inferior  Turbinated, 
Vomer, 

'^Inferior  Maxillary. 


Bones  op  the  Ceanium. 

THE    OCCIPITAL  BONE. 
(Plate  V.) 

The  occipital  bone  contributes  to  form  part  of  the  base  of  the 
skull  as  well  as  part  of  the  back  of  the  head.  When  viewed  m 
the  articulated  skull,  we  notice  that  it  is  divisible  into  three 
parts  :  an  tq^per  or  vertical  portion,  belonging  to  the  skull-cap, 
and  therefore  covered  by  the  scalp;  ?^  middle  or  oblique  portion 
(the  lower  part  of  which  is  nearly  horizontal),  to  which  are 
attached  the  great  muscles  of  the  back  of  the  neck ;  and  a  lower 
or  basilar  portion  wedged  into  the  base  of  the  skull,  and  which 
ascends  slightly  from  behind  forwards. 

As  to  describe  these  parts  separately  would  involve  repetition, 
we  shall  consider  the  bone  as  a  whole.  In  general  outline  it 
is  lozenge-shaped,  possessing  two  superior  lateraUnd  tico  infenor 


Occipital  bor>e./         "'f^- ^*^f^ L A f E  \ 


■protuT^eranc 


fcl  line    '  " 


ar  eminence 


Lubercle  forthe  a±ta.c>iment  of 
the  superior  constrictor  of  Pharyn 


Basilar  process  


■Foramen . 


Ant'^cohdiyloid  foramen. 


Groove  for  sup7 
'  longcbtid!  Siriur 


/titter nal 

4 


■'as 


Occipital  si>ws. 


H2. 


Groove  "For 

1  a-teral  s  '  n  u  s  . 
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^petrosal  sinus 
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lateral  borders,  a  superior,  inferior,  and  two  lateixil  angles,  and 
an  intra-cranial  and  an  extra-cranial  surface. 

SuPEKioR  Lateral  Borders. — These  are  two  deeply  serrated 
edges  running  downwards  and  outwards  from  the  superior  to  the 
lateral  angles,  and  articulating  with  the  posterior  borders  of 
the  parietal  bones.  Together  they  form  the  two  lambdoidal  or 
parieto-occipital  sutures. 

Inferior  Lateral  Borders. — These  borders  run  from  the 
lateral  to  the  inferior  angle.  Each  shows,  about  its  middle,  a 
prominent  projection — -the  outer  rough  edge  of  the  'jugular  ,^ 
process  ' — for  articulation  with  the-noder  surface  of  the  petrous 
portion  of  the  temporal  bone.  The  part  of  the  border,  behind 
this  articular  surface,  is  shghtly  serrated,  concave  from  above 
downwards,  and  articulates  with  the  mastoid  portion  of  the  tem- 
poral. The  part,  in  fi-ont  of  the  articular  surface,  is  again  divided 
into  two — a  posterior  smooth  concave  part,  called  the  '  jugular 
notch,'  helping  to  form  the  jugular  foramen  with  the  petrous  por- 
tion of  the  temporal,  and  an^nterior  rough  part  lookmg  forwards,  ^.^^ 
outwards,  and  shghtly  downwards  for  articulation  with  the  i 
teapior-border  of  the  petrous  portion  of  the  temporal  bone,  ^r*^ 

Superior  Angle. — It  is  an  acute  one,  and  fits  mto  the  inter-  '^'^  f 
val  between  the  two  posterior  borders  of  the  parietal  bones.    At  tw  U 
this  angle,  the  two  posterior  parieto-occipital  sutures  and  the 
interparietal  suture  meet,  the  point  of  junction  bemg  called  the 
*  lambda.' 

Lateral  Angles.— These  angles  are  obtuse  ones,  and  are  re- 
ceived into  the  retiring  ones  formed  by  the  posterior  borders  of 
the  parietal  bones  and  mastoid  processes  of  the  temporal  bones. 

Inferior  Angle.— This,  which  might  be  called  the  anterior 
avfjle,  is  more  a  surface  than  an  angle.  It  is  jomed  to  the  posterior 
surface  of  the  body  of  the  sphenoid  bone,  in  early  life,  by  carti- 
lage ;  but,  in  the  adult,  this  cartilage  becomes  ossified.  If  we 
therefore,  on  examining  a  skull,  find  that  the  occipital  and  the  sphe- 
noid are  completely  ossified  at  this  angle,  we  may  say  that  the 
skull  has  belonged  to  an  individual  over  twenty-five  years  of  age. 

Extra-cranial  Surface.— In  the  viiddle  line,  from  the  superior 
to  the  inferior  angle  of  this  surface,  we  notice  the  following 
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appearances :  first  a  smooth,  perhaps  sUghtly  hollowed  surface, 
over  which  the  aponeurosis  of  the  '  occipito-frontahs  '  plays  ;  next 
a  prominent  eminence,  if  well  developed  pointing  downwards,  called 
the  '  external  occipital  protuberance  '  or  '  inion,'  affording  attach- 
ment, centrally,  to  the  '  ligamentum  nuchte '  and,  laterally,  to 
the  '  trapezius  '  muscles,  and  easily  felt  at  the  back  of  the  head ; 
then  a  ridge  bifurcating  below,  in  the  middle  line  of  the  obUque 
part  of  the  bone,  and  called  the  '  external  occipital  crest,'  for  the 
attachment  of  the  upper  border  of  the  Ugamentum  nuchse.  In 
most  skulls  we  see,  in  the  occipital  protuberance,  one  or  two  small 
foramina  leading  directly  into  the  interior  and  lodging  small  vems. 
We  then  come  upon  the  lower  edge  of  an  oval  opening  called  the 
'  foramen  magnum,'  which  transmits  the  spinal  cord,  and  its 
membranes,  the  two  vertebral  arteries,  and  the  two  spinal  portions 
of  the  spinal  accessory  nerves.    This  foramen  is  situated,  in  the 
European  skull,  practically  midway  between  the  anterior  and 
posterior  portions  of  the  entire  skull.    In  the  negro  it  is  a  httle 
behind  the  middle,  approaching  the  character  seen  in  the  skull  of 
the  anthropoid  ape.  The  plane  of  the  foramen  is  downwards  and 
forwards  in  the  white  man,  straight  downwards  in  the  negro, 
and  downwards  and  backwards  in  the  anthropoid  ape,  and  still 
more  so  in  quadrupeds.    In  front  of  the  foramen  magnum  we 
come  upon  the  mid-line  of  the  under  surface  of  the  basilar 
process,  with  a  little  prominence  just  behmd  the  middle  of  its 
antero-posterior  measure,  and  called  the  '  pharyngeal  spine,'  for 
the  attachment  of  a  strong  part  of  the  fibrous  membrane  hang- 
ing the  pharynx  up  to  the  skull.    On  each  side  of  the  middle 
line,  tracing  the  surface  from  above  downwards,  we  notice  first  a 
smooth  slightly  convex  space  belonging  to  the  vertical  part^  of 
the  bone,  marked  by  a  number  of  nutrient  foramma,  and  having 
the  '  occipito-frontalis '  muscle  and  aponeurosis  gliding  over  it. 
We  next  come  upon  a  ridge,  stretching  from  the  external  occipital 
protuberance  to  the  lateral  angle  of  the  bone,  convex  upwards, 
and  called  the  '  superior  curved  line.'    To  it  are  attached  the 
'  occipito-frontahs '  and  sterno-mastoid  muscles  in  its  outer  two 
thirds,  and  the  '  aponeurosis  of  the  occipito-frontalis '  and  the 
'  trapezius '  in  its  inner  thii'd.    We  next  come  upon  a  somewhat 


OCCIPITAL  BONE 


89 


rough  four-sided  space,  bounded,  internally,  by  the  upper  half  of 
the  external  occipital  crest ;  externally,  by  the  upper  part  of  the 
inferior  lateral  border  of  the  bone ;  superiorly  by  the  superior 
curved  line ;  and  interiorly,  by  a  convex  line  which  stretches  between 
the  middle  of  the  external  occijjital  crest  and  the  articular  edge  for 
the  mastoid  process,  and  is  parallel  with  the  superior  curved  line. 
This  convex  line  we  call  the  'inferior  curved  line.'  In  its  outer 
half  or  so,  it  forms  the  upper  limit  of  the  insertion  of  the '  rectus 
capitis  posticus  major,'  and  in  its  inner  third  that  of  the  '  rectus 
capitis  posticus  muior.'  The  space,  between  the  two  curved  lines, 
gives  attachment,  internally,  to  the  '  complexus '  and,  externally, 
to  the  '  obhquus  capitis  superior.'  Between  the  inferior  curved 
line  and  the  foramen  magnum  we  see  a  convex  and  somewhat 
rough  surface  givmg  insertion,  internally,  to  the  '  rectus  capitis 
posticus  mmor  '  and,  externally,  to  the  '  rectus  capitis  posticus 
major.'  The  occipital  bone  is  exceedingly  thin  here,  and  if  the^ 
skull  be  held  in  proper  position  this  part  of  it  lies  as  near 
as  possible  horizontally.  On  each  side  of  the  foramen  mag- 
num we  find  the  '  condyles.'  These  eminences  He  against  the 
anterior  half  of  each  side  of  the  foramen,  being  separated  from 
one  another,  in  front,  by  about  the  distance  of  half  an  inch. 
Each  is  kidney-shaped,  convex  h'om  before  backwards  and 
sUghtly  so  from  side  to  side.  The  general  direction  of  the 
articular  surface  is  downwards,  outwards,  and  forwards.  About 
the  middle  of  the  inner  and  outer  borders,  are  situated  notches 
which  may  be  joined  together  across  the  articular  surface  by  a 
smooth  elevation,  or,  it  may  be,  a  slight  groove,  and  which  in- 
dicate the  Ime  of  junction  between  the  part  of  the  condyle, 
formed  by  the  basilar  or  basioccipital  portion  of  the  bone,  and 
the  part  formed  by  the  condylar  or  exoccipital  portion.  The 
condyle  stands  so  that  its  inner  margin  is  lower  than  its  outer, 
and  it  thus  fits  into  the  '  cup  '  of  the  '  atlas '  or  first  cervical 
vertebra.  On  the  inner  side  of  each  condyle  is  a  rough  depres- 
sion, to  which  are  attached  the  odontoid  or  check  ligaments  which 
limit  rotation  of  the  head.  Owing  to  this  arrangement,  and  the 
great  strength  of  the  connecting  ligaments,  dislocation  of  the 
head  from  the  atlas  is  extremely  rare.    Behind  the  condyle  is  a 
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depression,  from  the  bottom  of  which,  a  foramen  leads  upwards, 
forwards,  and  outwards,  to  open  into  the  interior  of  the  cranial 
cavity.    It  gives  passage  to  a  vein.    This  foramen  may  be  re- 
duced to  a  very  small  size,  or  may  even  be  wanting  on  one  or 
both  sides.  In  h.-ont  of  and  outside  the  condyle,  is  a  large  opening 
leading  upwards,  backwards,  and  inwards,  and  caUed  the  '  an- 
terior condyloid  foramen.'   It  transmits  the  '  hypoglossal '  nerve, 
and  in  some  cases  is  divided  into  an  anterior  and  posterior  part 
by  a  thin  partial  or  complete  bony  septum.    Outside  the  back 
part  of  the  condyle,  we  notice  the  rough  under  surface  of  the 
'jugular  eminence,'  giving  attachment  to  the  'rectus  capitis 
lateralis.'    In  most  skulls  there  projects,  from  the  lower  surface 
of  the  jugular  eminence,  a  very  sHghtly  prominent  tubercle,  form- 
ing a  rudimentary  '  far-occipital  process.'    It  is  very  constantly 
developed  m  the  mammalian  series.  There  is  a  good  specimen  of 
a  largely  developed  process  in  the  Nor.  Hum.  Ost.  Ser.  (No.  747) 
in  a  skull  of  an  aboriginal  of  one  of  the  Philippine  Islands. 
The  process  is  even  longer  than  the  mastoid  process,  and  presents 
an  articular  surface  for  jouimg  the  transverse  process  of  the  atlas. 
A  similar  process  is  seen  in  a  skull  in  the  museum  of  St.  Bartholo- 
mew's Hospital,  and  also  on  the  left  side  of  the  occipital  bone  of 
the  skull  of  a  North  American  Indian  preserved  in  the  mu- 
seum of  St.  Thomas's  Hospital.    There  are  also  two  specimens 
of  it  in  the  Museum  of  Anatomy  in  Richmond  Street,  Dublin. 
At  a  point  midway  between  the  anterior  extremities  of  the  con- 
dyles, or  '  hasion '  as  it  is  called,  we  find,  as  a  great  rarity,  a 
small  downward  projection  for  articulation  with  the  anterior 
arch  of  the  atlas  ;  an  example  of  such  a  process  is  seen  in  the 
skull  of  a  negro  in  the  museum  of  St.  Thomas's  Hospital.  In 
front  of  the  condyles  we  have  the  under  surface  of  the  '  basilar 
process,'  rough  for  the  attachment  of  the  '  rectus  capitis  major ' 
and  'mmor.' 

Intra-cranial  Surface.— Treating  this  surface  in  the  same 
way  as  we  did  the  extra-cranial  one,  we  notice  in  the  mid-bne 
the  following  objects  :  at  a  point,  opposite  the  external  occipital 
protuberance,  a  heaping  up  of  the  bone,  called  the  'internal 
occipital  protuberance.'    On  it  we  notice  two  or  thi-ee  openings 
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of  veins  leading  to  the  exterior  of  the  bone.    Above  this,  we 
have  the  '  gi-oove  for  the  superior  longitudinal  sinus,'  bifurcating 
jJboye  the  protuberance  into  a  very  large  right  branch,  which  is 
very  much  dilated  and  depressed  to  the  right  of  the  protuber- 
ance and  called  in  that  situation  the  '  torcular  Herophili,'  and  a 
very  small  left  branch  which  runs  to  the  left  of  the  protuberance, 
and  joins  the  commencement  of  a  smooth  groove  running  out- 
wards for  the  lateral  sinus  of  the  same  side.  Below  the  protuber- 
ance is  a  prominent  crest,  '  the  internal  occipital  crest,'  for  the 
attachment  of  the  falx  cerebelli,  bifurcatmg  below  into  branches 
which  fade  off  in  the  upper  margin  of  the  foramen  magnum. 
On  the  ridge,  and  on  its  branches,  hes  the  occipital  sinus,  joinmg 
the  torcular  Herophih  superiorly.    We  then  come  upon  the  oval 
upper  margin  of  the  '  foramen  magnum'  with  its  long  axis  dii-ected 
fi-om  before  backwards,  and  more  extensive  than  the  lower  margin 
on  account  of  the  bevellmg  off  of  the  anterior  half  of  its  two 
sides.    In  front  of  the  middle  of  the  foramen,  under  cover  of 
its  upper  edges,  we  notice  the  upper  openings  of  the  anterior 
condyloid  foramina,  giving  passage  to  the  hypoglossal  nerves. 
Immediately  above   each   '  anterior   condyloid   foramen,'  or 
'  canal,'  as  it  should  be  called,  is  a  heaping  up  of  bone,  which,  not 
having  received  a  name,  might  be  called  the  '  eminentia  innomi- 
nata.'    It  looks  like  a  strong  bony  ridge  over  the  canal,  and 
strengthens  the  base  of  the  skull  like  a  flymg  arch  just  over 
the  condyle.    On  each  side  of  the  mid-line  we  notice,  tracing  the 
bone  from  above  downwards :  first,  a  triangular  concave  fossa, 
marked  by  smooth  eminences  and  depressions  to  adapt  them- 
selves to  the  sulci  and  convolutions  of  the  brain,  and  here  and 
there  by  fine  grooves,  like  branches  of  a  tree,  for  blood-vessels 
destined  for  the  nourishment  of  the  bone  and  membrane  lying 
inside  it,  and  hence  called  'grooves  for  meningeal  arteries.' 
Below  this,  we  come  upon  a  cross  groove  leading  from  the  torcular 
Herophili  on  the  right  side,  and  from  the  internal  occipital  protu- 
berance on  the  left,  to  the  corresponding  lateral  angle.  The  groove 
is  for  the  '  lateral  sinus  '  of  the  corresponding  side,  and  the  lips 
of  the  groove  for  the  attachment  of  the  part  of  the  dm-a  mater 
between  the  cerebrum  and  cerebellum  called  the  'tentorium.' 
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Below  this  groove  we  come  upon  a  four-sided  pretty  uniformly 
smooth  and  concave  fossa  for  the  lodgment  of  the  cerebellum, 
and  hence  called  the  '  cerebellar  fossa.'   This  surface  shows  a  few 
smooth  ridges  and  narrow  grooves  for  the  attachment  of  the 
dura  mater  and  passage  of  vessels  leading  into  the  lateral  sinus. 
"We  may  here  say  that  it  is  very  common  for  the  torcular  Hero- 
phih  to  be  situated  on  the  left  side  instead  of  on  the  right,  and 
therefore  continuous  with  the  groove  for  the  left  lateral  smus  in- 
stead of  the  right.  In  such  a  case  the  large  branch  of  the  groove 
joining  the  superior  longitudinal  sinus  will  run  to  the  left  of  the 
middle  line  instead  of  to  the  right.    Below  the  cerebeUar  fossa, 
we  come  upon  the  upper  surface  of  the  jugular  process  marked 
by  a  smooth  groove,  which  curves  from  without  and  behind  m- 
wards  and  forwards,  and  becomes  continuous  with  the  'jugular 
notch.'    The  groove  lodges  the  end  of  the  lateral  sinus,  and  is 
joined  near  its  termmation  by  the  upper  opening  of  the  '  posterior 
condyloid  foramen,'  or  'canal'  as  it  might,  more  properly,  be  caUed. 
In  front  of  this,  and  close  to  the  edge  of  the  bone,  we  have  a  half- 
groove,  made  a  whole  one  by  the  apposition  of  the  petrous  portion 
of  the  temporal,  and  lodging  the  *  inferior  petrosal  sinus.' 

Structure.-Like  the  other  flat  bones  of  the  skull,  the 
occipital  consists  of  an  outer  plate  or  table  and  an  innei-  plate  or 
table  ;  the  latter  being  called  the  vitreous  table  because  it  is  so 
hard  and  brittle.  Between  the  two  tables  we  have  the  cancellous 
tissue  or  diploe,  especially  deposited  where  the  bone  is  thick, 
such  as  at  the  external  and  internal  protuberances  and  basUar 
process.  It  is  sparingly  deposited  where  the  bone  is  thin,  and 
even  in  some  may  be  wanting  altogether,  e.g.  at  the  lower  part 
of  the  cerebellar  fosste,  so  as  to  make  the  bone  almost  semi- 
transparent  in  these  situations. 

Ossification.-The  occipital  bone  is  developed  from  seven 
centres.  In  the  tahtdar  part  are  four ;  one  appearing  on  the 
bottom  of  each  fossa  about  the  seventh  or  eighth  week.  The 
upper  two  are  developed  in  membrane;  the  lower  two  m 
cartilage.  These  four  centres  join  one  another  before  birth,  leavmg 
occasionally  streaks,  or  it  may  be  fissures,  at  the  margm  m- 
dicating  their  original  separation.    In  some  cases,  the  two  upper 
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centres  join  across  the  middle  line,  and  form  a  bone  called  the 
'  interparietal  bone,'  which  remains  permanently  separate  from  the 
part  of  the  tabular  portion  formed  by  union  of  the  two  lower  nuclei 
of  ossification.  The  lower  part  of  the  tabular  portion  is  the  true 
'  supra-occipital  bone.'  The  outsides  of  the  foramen  magnum,  the 
jugular  processes,  and  the  back  parts  of  the  condyles  form  what 
are  called  the  '  condyloid ' or '  ex-occipital  parts '  of  the  bone.  Each 
'  condyloid  part '  has  one  centre  of  ossification,  ai3pearing  in  the 
seventh  or  eighth  week  of  foetal  hfe,  near  the  foramen  magnum 
and  joining  the  supra-occipital  part  some  time  between  the 
second  and  the  fourth  year.  The  basilar  process,  the  fore  part  of 
the  foramen  magnum,  and  the  anterior  half  or  so  of  each  condyle, 
form  what  is  called  the  basilar  or  basi-occipital  portion.  This  por- 
tion begms  to  appear  bony  in  the  seventh  or  eighth  week  of  foetal 
hfe,  and  joins  the  ex-occipital  portions  some  time  between  the  third 
and  the  fifth  or  sixth  year  inclusive.  The  basilar  portion  com- 
mences to  jom  the  body  of  the  sphenoid,  by  bone,  about  twenty 
years  of  age,  and  the  two  are  completely  ossified  by  twenty-three 
or  twenty-four. 

Connections.— The  occipital  bone  is  connected  with  six  other 
bones ;  namely,  with  the  two  parietals  by  the  remarkably  ser- 
rated 'lambdoid'  suture,  with  the  two  temporals,  with  the 
sphenoid,  and  with  the  atlas  ;  the  latter  bemg  articulated  to 
the  condyles  by  movable  joints.  The  sutures  are  simply  named 
after  the  bones  which  they  connect :  for  instance,  we  speak  of 
the  '  occipito-parietal '  suture,  the  '  petro-occipital,'  the  '  occipito- 
mastoid,' and  the  '  spheno-occipital.'  All  these  connections  are 
weU  serrated,  except  the  '  spheno-occipital,' which  is  quite  effaced 
m  the  adult  skull,  and  the  '  petro-occipital.' 

Comparative  Osteoiogry.-In  all  mammalia,  as  in  man, 
there  are  two  occipital  condyles,  each  formed  m  part  by  the  basi- 
and  in  part  by  the  ex-occipital  bones,  fitting  into  two  correspond- 
ing articular  surfaces  on  the  atlas.  In  birds  and  reptiles  (Saurop- 
sida),  however,  there  is  but  a  single  occipital  condyle,  in  front 
of  the  foramen  magnum,  in  the  middle  line  formed  by  the  basi-  and 
ex-occipital  bones.  In  Ichthyopsida  when  there  are  two  condyles 
they  are  formed  by  the  ex-occipitals  alone.    This  should  be  seen 
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and  noted,  as  it  is  one  of  the  distinctive  features  of  the  above- 
named  classes.  (See  separate  series  in  the  Mus.  Eoy.  Col.  Surg.) 

The  cells  which  contain  air  and  separate  the  inner  and  outer 
tables  of  the  skull  in  the  frontal  bone  of  man  extend  as  far  back 
as  the  occipital  bone  in  elephants.  See  sections  of  the  elephant's 
skull  (No.  2247). 

In  quadrupeds  the  prominence  of  the  crest  and  external 
occipital  protuberance  bears  a  direct  relation  to  the  development 
of  the  ligamentum  nuchas  which  supports  the  head,  and  is  usually 
in  ijroportion  to  the  weight  of  the  head  and  its  appendages. 
Compare  the  head  of  a  deer,  elephant,  and  tiger  with  that  of  a 
man  in  these  particulars.  In  the  moles  the  ligamentum  nuchte 
.wiU  be  seen  to  be  nearly  all  ossified. 


PABIETAL  BONE. 
(Plate  VI.) 

This  broad,  roof-like  bone  derives  its  name  from  ^janes,  a 
■wall,  as  it  forms  so  much  of  the  wall  of  the  skull-cap.  It  is  the 
only  bone  belonging  exclusively  to  the  vault  of  the  cranium. 
With  its  fellow  of  the  opposite  side,  it  makes  the  keystone  of  the 
arch  which  spans  the  brain.  It  is  convex  on  the  outer  sm-face, 
concave  on  the  inner,  and  four-sided. 

Superior  Border.— This  border  is  deeply  serrated  to  interlock 
with  the  corresponding  border  of  the  opposite  bone,  and  so,  with  it, 
to  make  the  '  sagittal '  or  '  interparietal '  suture.  When  the  skull 
is  held  in  its  proper  position  the  highest  point  of  this  suture  is  the 
highest  point  of  the  vault,  and  is  called  the  '  vertex'  of  the  skull. 
Jt  is  situated  somewhere  in  front  of  the  middle  of  the  suture, 
-dependmg  upon  the  shape  of  the  skull. 

Anterior  Border.— This  edge  is  thick,  deeply  serrated,  and 
•bevelled  at  the  expense  of  its  external  surface  in  its  upper 
three-fourths,  thm,  sharp,  and  bevelled  at  the  expense  of  its 
inner  surface  m  its  lower  fourth,  and  articulates  with  the  frontal 
bone,  thereby  making  one-half  of  the  '  fronto-parietal '  or  '  coro- 
nal'  suture.    The  point,  where  the  interparietal  and  fronto- 
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parietal  sutures  meet  one  another,  is  called  the  '  bregma.'  The 
posterior  border,  not  as  long  as  the  anterior,  is  thick,  deeply 
serrated,  nearly  straight  from  above  downwards,  and  articulates 
with  the  occipital  bone,  forming  with  it  one  half  of  the  '  lamb- 
doidal  or  '  occipito-parietal '  suture. 

The  iNFEKioE  BOKDEB  may  be  divided  into  :  an  anterior  fourth, 
which  is  thin  and  sharp,  bevelled  at  the  expense  of  the  external 
surface,  shghtly  rough,  running  straight  from  before  backwards 
to  articulate  with  the  great  wing  of  the  sphenoid  ;  a  middle 
'two  fom-ths,'  which  is  also  thin  and  sharp,  rougher  than  the 
anterior  fourth,  bevelled  at  the  expense  of  the  external  surface  and 
concave  downwards  to  articulate  with  the  squamous  portion  of  the 
temporal  bone ;  and  a  posterior  fourth,  which  is  thick,  serrated, 
set  obhquely  so  as  to  look  downwards  and  backwards,  and  articu- 
lating with  the  mastoid  portion  of  the  temporal  bone. 

Angles. — The  angles  made  by  these  borders  are  named  the 
anterior  superior,  helping  to  form  the  bregma ;  the  anterior 
inferior,  fitting  mto  the  angle  formed  by  the  adjacent  edges  of  the 
frontal  and  sphenoid,  and  helping  to  form  the  '  pterion,'  which  is 
a  space  where  the  frontal,  parietal,  temporal,  and  sphenoid  meet 
by  an  '  H  '-hke  sutm^e  ;  the  j^osterior  sitjjerior,  a  slightly  ob- 
tuse angle,  helping  to  make  the  '  lambda '  of  the  skull,  or 
meeting  point  of  the  sagittal  and  lambdoidal  sutures  ;  and  the 
posterior  inferior,  a  still  more  obtuse  angle,  fitting  into  the  angle 
between  the  adjacent  edges  of  the  occipital  and  mastoid  portions 
of  the  temporal,  and  helpmg  to  make  the  '  asterion '  or  meeting 
point  of  three  sutures  in  this  region  of  the  skull. 

External  Surface. — On  the  external,  or  convex,  surface  no- 
tice the  *  parietal  eminence,'  situated  about  the  middle.  This  is 
the  spot  in  which  the  ossification  of  the  bone  began.  Above  this 
eminence  the  surface  presents  a  somewhat  worm-eaten  appear- 
ance, caused  by  a  number  of  very  small  nutrient  foramina  being 
lodged  here.  Close  to  the  upper  margin,  and  placed  at  about  the 
junction  of  the  posterior  fourth  with  the  anterior  three-fourths, 
in  most  skulls,  is  a  hole  called  the  '  parietal  foramen,'  for  the 
passage  of  a  vein  from  a  sinus  which  lies  in  a  groove  to  be 
described  at  the  upper  margii:^  of  the  internal  surface.    In  the 
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united  skull,  the  point,  in  the  sagittal  suture,  situated  midway  be- 
tween the  parietal  foramina,  is  called  the  '  obelion.'  Crossing  the 
highest  point  of  the  parietal  eminence,  or  it  may  be  a  little  below 
it,  is  a  curved  line,  caUed  the  '  temporal  ridge.'  In  well-marked 
skulls,  this  ridge  is  double,  showing  an  upper  and  a  lower  line  se- 
parated from  one  another  posteriorly  by  about  the  distance  of  half 
an  inch,  but  coming  nearer  together  in  front.  The  upper  line  gives 
attachment  to  the  '  temporal  fascia,'  and  the  lower  marks  the  cir- 
cumference of  the  '  temporal '  muscle.  The  portion  of  the  surface 
below  this  line  forms  part  of  the  '  temporal  fossa,'  which  gives 
origm  to  the  '  temporal '  muscle.  Inferiorly  it  presents  a  radiating 
and  streaked  appearance,  the  streaks  diverging  upwards  from  the 
bevelled  articular  margin  for  the  squamous  portion  of  the  temporal 
bone.  The  point  where  the  temporal  ridge  becomes  contmuous 
with  the  anterior  border  of  the  bone  we  call  the  '  stephanion.' 

Internal  or  Cerebral  Surface. — The  concave  cerebral  surface 
has  four  kinds  of  marks  or  impressions  upon  it.   Firstly,  over  the 
general  surface  there  are  wide  shallow  grooves  with  eminences 
between  them,  corresponding  to  the  convolutions  and  sulci  of  the 
bram.    Secondly,  along  the  upper  border  is  a  half-groove  for  the 
superior  longitudinal  suius,  and  opening  into  the  groove,  about  the 
junction  of  the  posterior  fourth  with  the  anterior  three-fourths,  is 
the  inner  end  of  the  '  parietal  foramen  '  already  described.  Eun- 
nuag  across  the  posterior  inferior  angle  of  the  internal  surface  is 
a  complete  '  groove  for  the  lateral  sinus  '  on  its  way  from  the  occi- 
pital to  the  temporal  bone.  Thu-dly,  lymg  close  and  nearly  paral- 
■  lei  to  the  anterior  border  is  the  groove,  sometimes  a  complete  bony 
canal,  in  the  region  of  the  anterior  angle  of  the  bone,  for  the  an- 
terior branch  of  the  middle  meningeal  artery ;  also  running  nearly 
parallel  to  the  posterior  border  is  another  groove  for  the  posterior 
branch  of  the  same  artery.   Both  these  grooves  give  off  branches, 
like  those  of  a  tree,  for  the  passage  of  smaUer  branches  of  the 
artery.    Fourthly,  near  and  along  the  upper  border  are  seen  a 
number  of  rounded  smooth  depressions,  which  in  the  recent  state 
contain  the  so-cahed  'Pacchionian  bodies.' 

Connections.— The  parietal  bone  is  connected  by  sutures 
with  five  bones  (Plate  XVIII.)  as  follows :  with  the  opposite 
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parietal  bone,  by  the  interparietal  or  sagittal  suture ;  with  the 
frontal  bone,  by  the  frouto-parietal  or  coronal  suture ;  with  the 
temporal  bone  by  the  temporo-parietal  or  squamous  suture ;  with 
the  occipital  bone,  by  the  occipito-parietal  or  lambdoid  suture, 
and  with  the  sphenoid  bone  by  the  spheno-parietal  suture.  In 
all  adult  skulls  the  sagittal  suture,  though  for  the  most  part 
extremely  serrated,  is  much  less  so  near  the  parietal  foramina. 
"When  obHteration  of  this  suture  takes  place  in  age,  it  always 
begins  opposite  these  holes.  Do  not  fail  to  notice  the  beautiful 
arrangement  of  the  sutures  of  the  parietal  bone :  the  sutural 
edges  are  bevelled  on  alternate  sides,  so  that  the  bone  cannot  be 
driven  in  without  previous  fracture. 

Ossification. — It  is  developed  from  one  centre,  which  makes 
its  appearance  at  the  parietal  eminence,  about  the  seventh  week 
of  fcetal  Hfe. 

Fontanelles. — The  term  '  fontanelles  '  is  given  to  those 
membranous  intervals  in  the  foetal  skull  which  are  seen  at  the 
four  angles  of  the  parietal  bone.  These  unossified  parts  are  so 
called  from  the  pulsations  of  the  brain  beneath  them,  perceptible 
in  infants,  like  the  welling  up  of  water  in  a  s^jruig.  They  are 
produced  in  the  following  manner.  Ossification  commences  in 
the  centre  of  the  bone,  and  advances  towards  the  circumference  ; 
therefore,  the  most  distant  parts  of  the  bone  are  the  last  to  be 
ossified.  These  points  are  the  angles  where  the  several  bones 
eventually  meet.  There  are  in  all  six '  fontanelles.'  (Plate  XVIII. 
figs.  4  and  5.)  Observe  the  shape  of  the  anterior  and  posterior 
'  fontanelles,'  and  of  the  two  lateral.  The  anterior,  situated  be- 
tween the  adjacent  angles  of  the  parietal  bones  and  the  miunited 
halves  of  the  frontal,  is  lozenge-shaped,  and  remains  open  for  some 
time  after  birth ;  indeed,  it  is  not  (as  a  rule)  entirely  obliterated 
till  the  fourth  year.  The  posterior,  situated  between  the  parietals 
and  the  apex  of  the  occipital  bone,  is  triangular  and  nearly  closed 
at  birth.  These  '  fontanelles '  are  of  especial  importance  to  the 
accoucheur,  as  l;y  feeling  them  the  finger  can  detect,  during 
parturition,  the  position  of  the  head  of  the  child.  Tlie  lateral 
'fontanelles'  are  of  less  importance,  and  generiilly  ()l)literated 
before  birth. 
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Comparative  Osteolog-y. — In  Carnivora  the  temporal 
muscles  are  so  extensive  that  they  meet  m  the  middle  line  of  the 
skull,  where  they  are  attached  to  a  dense  median  crest  of  bone, 
which  represents  the  temporal  ridges  coalesced.  This  is  con- 
spicuous in  the  skeleton  of  the  tiger.  It  is  interesting  to  note 
that  the  dog  is  not  born  with  this  median  ridge ;  at  birth  the 
temporal  muscle  extends  only  partly  up  the  side  of  the  head.  As 
the  dog  grows  the  muscle  rises  further  up  the  head  until  it  meets 
its  fellow  in  the  middle,  and  then  the  ridge  begms  to  be  developed. 
This  progressive  increase  of  the  muscle  may  be  due  to  the  habit 
puppies  have  of  worrying  everythuig  they  meet  with,  or  it  may 
be  the  result  of  an  hereditary  tendency. 

In  elephants  and  owls  the  inner  and  outer  tables  of  the 
parietal  bones  are  separated  by  enormous  air-cells. 

In  man  the  two  originally  distinct  halves  of  the  frontal  unite 
and  form  one  bone.  In  bats  the  two  parietals,  which  in  us  remain 
distinct,  unite  and  form  a  single  bone;  this  is  also  the  case  m 
many  rodents,  as  the  hare,  but  in  the  rabbit  they  remahi 
separate.  In  Euminants  and  Sohdungula  the  parietals  are 
united. 


FEONTAL  BONE. 
(Plate  VII.) 

The  situation  of  the  frontal  bone  is  implied  by  its  name.  As 
it  forms  not  only  the  forehead,  but  the  roof  of  the  orbits,  we 
naturally  divide  it  mto  a  '  frontal '  or  '  vertical  portion  '  and  an 
'  orbital '  or  '  horizontal.' 

Vertical  Portion. — Anterior  Surface. — The  anterior  sur- 
face of  the  vertical  portion  is  smooth  and  convex,  and  gives  breadth 
and  height  to  the  forehead.  Sometimes  we  notice  it  divided  mto 
two  lateral  halves  by  an  '  interfrontal  suture,'  which  is  always 
present  in  the  bone  at  birth,  but  which  ought  to  disappear 
about  the  second  year.  The  median  line  inferiorly  is  somewhat 
hollowed  transversely,  and  the  point  in  it  situated  just  above 
the  articular  surface  for  the  nasal  bones  is  termed  the  '  gla- 
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bella '  or  '  nasion.'  Just  below  the  articular  surface  for  the  nasal 
bones,  to  be  j^resently  described,  the  mid-line  juts  forwards  and 
downwards  as  a  prominent  projection  termed  the  '  nasal  spine.' 
This  process  is  convex  from  side  to  side  superiorly,  also  rough 
and  articular  for  the  nasal  bones  to  rest  upon.  Inferiorly  it  is 
concave  transversely,  marked  in  the  middle  line  by  an  antero- 
posterior gi-oove  for  articulation  with  the  vertical  plate  of  the 
ethmoid,  and  on  each  side  of  this  a  smooth  narrow  surface  help- 
ing to  make  the  roof  of  the  nasal  cavities. 

Tracing  the  surface  frovi  below  upwards  on  each  side  of  the 
middle  line,  we  notice  first  one  half  of  the  '  nasal  notch.'  This, 
with  the  other  half,  makes  a  rough  serrated  surface,  arching  in 
front  of  the  roof  of  the  nasal  spine,  and  articulating  mternally 
with  the  nasal  bones  and  externally  with  the  nasal  processes,  of 
the  superior  maxillaries.    The  outer  extremity  of  the  notch  is 
termed  the  'internal  angular  process,'  for  articulation  with  .the 
lachrymal  bone.    Arching  upwards  and  outwards  from  this  pro- 
cess to  terminate  in  a  thicker  projection  externally — the '  external 
angular  process,'  for  articulation  with  the  malar  bone— is  the 
'  supra-orbital  arch.'    It  is  thick  and  rounded  m  the  male,  thm 
and  clean  cut  in  the  female.    Near  the  junction  of  the  inner  and 
middle  thirds  of  the  arch  is  the  '  supra-orbital  notch,'  or  it  may 
be  '  foramen,'  for  the  transmission  of  the  supra-orbital  nerve.  At 
the  external  angular  process  is  the  startmg  point  of  the  '  temporal 
ridge.'     This  ridge  is  sharp  and  prominent  inferiorly,  arches 
forwards,  upwards  and  then  backwards,  and  becomes  con- 
tinuous with  the  corresponding  ridge  on  the  parietal.    It  gives 
attachment  to  the  temporal  fascia,  and  below  it  is  a  small  surface 
of  bone  which  contributes  to  form  the  '  temporal  fossa  '  for  the 
origin  of  the  temporal  muscle.    Above  the  supra-orbital  arch  we 
notice  a  slight  parallel  depression,  and  above  that  an  arched 
eminence  termed  the  '  supraciliary  ridge,'  highest  internally, 
where  it  is  called  the  '  nasal  eminence.'    The  supraciliary  ridges 
and  nasal  eminences  do  not  correspond  to  prominences  of  tlie 
brain,  but  are  occasioned  by  air-cavities  termed  the  '  frontal  cells  ' 
or  '  sinuses,'  situated  between  the  two  '  tables '  of  the  skull.  And 
here  it  may  be  well  to  mention,  that  the  cap  of  the  skull  consists 
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of  two  layers  of  compact  bone,  called,  respectively,  the  outer  and 
inner  '  tables '  of  the  skull,  and  separated  by  an  intermediate 
cancellous  tissue  termed  the  '  diploe.'  We  shall  allude  to  the 
advantage  of  this  structure  hereafter  (skull  as  a  whole,  fig.  20) ; 
meantime,  observe  that  the  frontal  cells  are  formed  by  the  separa- 
tion of  these  tables.  To  see  the  extent  of  the  cells,  one  ought  to 
make  vertical  sections  as  shown  in  Plate  XXIII. 

The  Fbontal  Sinuses.— There  are  some  pomts  of  interest 
about  the  frontal  sinuses.  1.  They  communicate  freely  with  each 
nostril  through  a  canal  termed  the  '  mfundibulum '  (fig.  2) ; 
therefore  it  is  possible  for  foreign  bodies  to  reach  them  from  the 
exterior  of  the  body.    2.  As  they  are  Imed  by  a  contmuation  of 
the  same  mucous  membrane  which  lines  aU  the  other  passages 
of  the  nose,  we  have  a  ready  explanation  of  the  achmg  pam  m 
the  forehead  in  cases  of  influenza,  or  a, common  head  cold.  3. 
In  cases  of  fracture  of  the  base  of  the  skull  involvmgthe  walls  of 
the  cells,  it  is  possible  for  fragments  of  the  brain  to  escape  from 
the  nose.    The  atithor  has  seen  a  case  of  this  kmd  where  the 
patient  recovered  without  any  permanent  iU-effects  except  partial 
loss  of  smell.    4.  If  the  outer  waU  of  the  cells  be  mjured  by 
violence  or  disease,  the  ak,  in  sneezmg  or  coughing,  is  hable  to 
escape  under  the  skin  of  the  forehead;  this  condition  is  caUed 
'  surgical  emphysema.'     5.  They  not  only  contribute  to  the  light- 
ness of  the  skuU,  but  increase  the  resonance  of  the  voice,  ihey 
do  not  begm  to  be  developed  until  about  the  second  year,  and 
steadily  increase  m  size  afterwards.    Even  in  Europeans  their 
size  and  extent  vary  exceedingly.    A  good  idea  may  be  formed 
of  their  size  in  some  persons,  by  the  fact  that  they  may  lodge  a 
musket  baU.  A  soldier  was  wounded  at  the  battle  of  T  a  aver  a  by  a 
baU  which  struck  him  on  the  forehead  and  lodged  m_  the  fi-on  al 
sinus.    It  was  readily  removed  by  enlargmg  the  opening,  and  the 
man  recovered.^3    The  author  has  seen  a  case  precisely  similar, 
in  a  soldier  who  was  wounded  in  the  Crimea.    The  smuses  are 
commonly  separated  by  a  bony  partition,  often  _  mcomplete. 
The  eminences  or  'bumps'  are  not  prominent  m  children, 
because- the  tables  of  the  skull  do  not  begin  to  separate  to  any 
gx-eat  extent  before  puberty.    From  an  exammation  of  more  than 
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100  skulls,  it  appears  that  the  absence  of  the  external  pro- 
mmenee,  even  in  middle  age,  does  not  necessarily  imply  the 
absence  of  the  sinus  itself,  since  it  may  be  formed  by  a  retro- 
cession of  the  inner  table  of  the  skull.    In  old  persons,  as  a  rule, 
when  the  sinuses  enlarge,  it  is  by  the  inner  table  encroaching  on 
the  brain-case.    The  skull  wall  follows  the  shrinking  brain.  The 
range  of  the  sinuses  may  extend  even  more  than  halfway  up  the 
forehead,  and  backwards  for  an  inch  or  more  along  the  orbital 
plate  of  the  bone.  Sometimes  one  sinus  is  larger  than  the  other, 
and  consequently  the  'bump  '  on  one  side  of  the  forehead  may 
naturaUy  be  more  prominent  than  that  of  the  other.    In  the 
Nor.  Hum.  Ost.  Ser.  (Nos.  153  to  155)  in  the  Museum  of  the 
Eoyal  College  of  Surgeons,  there  is  an  instructive  collection  of 
horizontal  sections  through  the  frontal  bone  at  the  level  of  the 
smuses.    In  a  specimen  from  a  man  set.  32,  it  may  be  observed 
that  though  the  sinuses  are  very  extensive,  there  is  no  external 
protuberance.    In  another  from  a  man  jet.  47,  there  are  no 
smuses,  yet  there  is  a  great  external  protuberance.    No  doubt 
the  supraciliary  ridges,  with  overlying  eyebrows,  form  a  great 
protection  for  the  dehcate  structures  contained  in  the  orbital 
cavities  situated  beneath  them.    They  are  better  marked  in 
the  male  than  in  the  female.    Above  each  supraciliary  ridge  we 
have  a  shallow  gi'oove,  and  above  that  an  eminence  called  the 
^frontal  eminence.'    This  is  the  point  from  which  each  half  of 
the  bone  was  originaUy  formed,  and  is  therefore  more  prominent 
m  a  childs  skull.    Above  the  frontal  eminence  the  anterior 
surface  of  the  frontal  bone  is  smooth  and  covered  by  the  '  occipito- 
frontalis '  muscle. 

Posterior  or  Cerebral  Surface  (Plate  VII.  fia  2)  —The 
posterior  surface  of  the  vertical  portion  is  concaveT  especially 
opposi  e  he  frontal  eminences,  when  the  surface  presents  what 
are  called  the  '  frontal  foss..'  It  is  marked  by  depress  onl  for 
the  convolutions  of  the  brain,  by  tiny  grooves  for  the  " 
meningeal  and,  laterally,  by  larger  grooves  for  branches  of  th 
middle  meningeal  arteries.  In  the  middle  line  is  a  '  groove  for 
the  superior  longitudinal  sinus.'  Trace  the  groove  down  nnd 
seethat  its  margins  gradually  approximate  ancl  Z 
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notcli  made  into  a  foramen  by  the  apposition  of  the  ethmoid  bone. 
The  foramen  is  termed  the  '  foramen  ceecum.'  It  sometimes  leads 
into  the  frontal  sinus,  sometimes  directly  into  the  nose ;  or  it 
may  open  on  the  posterior  or  anterior  sm-face  of  the  nasal  bones. 
Though  called  'blind,'  it  generally  transmits  a  small vem  from 
the  longitudinal  sinus  mto  the  frontal  cells ;  sometimes  it  con- 
tains a  small  artery.    Very  often  the  margins  of  the  groove  for 
the  longitudinal  sinus  coalesce,  so  as  to  form  a  small  ridge — the 
'  crista  frontis  —before  they  reach  the  foramen  caecum.  They 
give  attachment  to  a  perpendicular  sheet  of  the  dm-a  mater 
(termed,  from  its  shape,  the  '  fak  cerebri '),  which  separates  the 
hemispheres  of  the  cerebrum.    Therefore,  when  we  see  a  frontal 
bone  with  a  well-marked  ridge  along  the  beginning  of  the  longitu- 
dinal groove,  it  is  but  the  ossification  of  part  of  this  fibrous  mem- 
brane. Pieces  of  bone  occasionally  occur  in  the  falx  cerebri,  which 
remind  us  of  the  tentorium  cerebelli  in  some  Carnivora,  as  tigers, 
seals,  and  cats,  in  which  the  tentorium  is  for  the  most  part  bony 
instead  of  membranous  (Nos.  4608  and  4483).    On  either  side 
of  the  groove  for  the  superior  longitudinal  sinus  are  numerous 
irregular  pits  for  the  reception  of  Pacchionian  bodies. 

Posterior  border  op  the  vertical  pqrtion. — This  border  is 
thick,  deeply  serrated,  and  bevelled  somewhat  at  the  expense  of 
the  posterior  surface  superiorly ;  thin,  sharp,  and  bevelled  at  the 
expense  of  the  anterior  sm-face  inferiorly.  In  its  upper  three- 
fourths  it  articulates  with  the  parietal  bones,  thereby  helping  to 
form  the  '  coronal  suture,'  and  in  its  lower  fourth  with  the  anterior 
margins  of  the  greater  wmgs  of  the  sphenoid  bone. 

Superior  Angle.— This  angle  of  the  vertical  plate  is  situated 
at  the  '  bregma '  of  the  skull.  It  is  an  obtuse  one,  received  mto 
the  retiring  angle  formed  by  the  anterior  borders  of  the  two 
parietal  bones. 

The  point  in  the  coronal  suture  where  the  temporal  ridges 
of  the  frontal  and  parietal  meet,  we  call  the  '  stephanion.'  The 
pomt  situated  in  the  mid-line  of  the  anterior  surface  of  the  vertical 
plate  in  the  narrowest  part  of  the  forehead  and  in  a  cross  line 
drawn  between  the  parts  of  the  temporal  ridges,  which  approach 
nearest  one  another,  we  caU  the '  ophryon  '  or '  supra-orbital  point.' 
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Between  this  point  and  the  '  occipital  point '  we  measure  both 
the  length  and  the  circumference  of  the  cranium.  By  the  occipital 
point,  we  mean  a  point  in  the  mid-line  of  the  occiput  farthest 
away  from  the  ophryon. 

The  horizontal  portion  of  the  frontal  we  divide  into  a  single 
mesial  '  ethmoidal  notch  '  and  two  lateral  '  orbital  plates.' 

ETmroiDAL  Notch. — The  orbital  plates  are  separated  by  a  wide 
gap,  called  the  '  ethmoidal  notch,'  because  it  receives  the  cribriform 
plate  of  the  ethmoid  bone,  which  here  fits  into  the  base  of  the 
skull.  (Plate  XIX.)  On  each  side  of  the  irregular  margins  of  the 
notch,  observe  the  incomplete  cells  with  thin  walls.  These  cells 
correspond  with,  and  are  closed  in  front  by  the  lachrymal,  and 
behind  by  the  ethmoidal  cells.  (Plate  XI.  fig.  2.)  The  largest 
ceU  of  all  is  in  the  front,  and  this,  as  seen  in  Plate  YII.  fig.  2,  leads 
into  the  fi-ontal  sinus.  All  of  them  are  filled  with  air,  and  lined 
by  mucous  membrane  continuous  with  that  of  the  nose.  At  the 
fore  part  of  the  ethmoidal  notch  we  notice  the  under  surface  of 
the  'nasal  spine,'  and  on  each  side  of  it,  the  'nasal'  and  'ethmoidal 
notches'  are  continuous  with  one  another.  Situated  among  the 
half-cells  on  each  side  of  the  ethmoidal  notch  we  have  two  trans- 
verse and  parallel  grooves,  converted  into  canals  by  the  apposition 
of  the  ethmoid  bone,  and  named  respectively  the  '  anterior  and 
posterior  orbital '  or  '  ethmoidal  grooves.'  The  anterior  transmits 
the  nasal  branch  of  the  ophthalmic  division  of  the  fifth  nerve  and 
the  anterior  ethmoidal  artery  and  vena ;  the  posterior,  the  pos- 
terior ethmoidal  artery  and  vein. 

Orbital  Plates.— Each  '  orbital  plate  '  extends  horizontally 
backwards,  and  forms  a  concave  roof  for  the  corresponding  orbit, 
and  a  part  of  the  anterior  fossa  of  the  cranium.  Hold  it  to  the 
light,  and  observe  how  thin  it  is.  In  extreme  old  age,  when  the 
diploe  of  the  skull  becomes  absorbed,  the  orbital  plates  have  some- 
times, though  rarely,  large  holes  in  them.  At  any  time  of  life  their 
thmness  renders  them  lial;le  to  be  perforated  by  sharp  instruments 
thrust  mto  the  orbit.  Wounds  of  the  brain  from  such  accidents 
are  sometimes  met  with. 

We  may  describe  each  plate  as  being  triangular  in  shape, 
and  as  having  an  inferioi-  or  orbital  surface,  a  miperior  or  cerebral 
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surface,  an  anterior,  an  inner  and  an  outer  border,  an  inrier,  ai) 
outer,  and  a  posterior  angle. 

Inferior  or  orbital  surface. — -The  long  axis  of  this  surface  is 
backwards  and  inwards.  It  is  smooth  and  concave  all  over, 
especially  externally,  under  cover  of  the  outer  angle,  where  it 
shows  a  smooth  fossa  called  the  '  lachrymal  fossa,'  for  the 
lodgment  of  the  lachrymal  gland.  We  notice  small  grooves 
for  arteries  and  a  few  small  nutrient  foramina.  About  midway 
between  the  supra-orbital  notch  and  the  internal  angular  pro- 
cess, and  a  little  behind  the  orbital  margin,  is  a  small  depression 
— in  some  bones,  a  slight  eminence — for  the  attachment  of 
the  pulley  of  the  '  superior  oblique  '  muscle.  The  superior  or 
cerebral  surface  is  arched  upwards  and  marked  by  a  number  of 
smooth  but  prominent  ridges  fitting  the  sulci  on  the  under  sur- 
face of  that  part  of  the  frontal  lobe  of  the  brain.  The  anterior 
border  has  akeady  been  described  as  the  supra-orbital  arch.  The 
internal  border  forms  the  outer  margm  of  the  ethmoidal  notch, 
and  shows  an  irregular  sharp  articular  outline,  situated  m  which 
is  the  commencement  of  the  anterior  and  of  the  posterior  eth- 
moidal groove.  The  external  border  is  rough  and  serrated  to  arti- 
culate with  the  great  wing  of  the  sphenoid.  The  internal  and 
external  angles  have  been  already  described  as  the  internal  and 
external  angular  processes.  The  posterior  angle,  more  a  border 
than  an  angle,  runs  forwards  and  inwards,  and  is  serrated  for 
articulation  with  the  anterior  border  of  the  lesser  wing  of  the 
sphenoid  bone. 

The  frontal  bone  has  attached  to  the  inner  parts  of  the  supra- 
orbital arches  the  frontal  bellies  of  the  '  orbicularis  palpebra- 
rum ; '  to  the  inner  ends  of  the  sui^racilicry  ridges  the  '  corru- 
gator  supercilii  muscles ;  '  and  to  the  surface  of  bone  below  the 
temporal  ridges,  the  '  temporal '  muscles. 

Connections. — The  frontal  is  connected  with  twelve  bones, 
of  which  two,  the  sphenoid  and  ethmoid,  are  single.  It  is  united 
to  the  two  parietal  bones  by  the  '  fronto-parietal '  or  '  coronal 
suture.'  (Plate  XVIII.  fig.  2.)  Concerning  this  suture,  see  how 
admirably  it  locks  the  bones  together,  and  secures  the  arch  of  the 
skull.    The  margin  of  the  frontal  bone  is  bevelled  at  the  expense 
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of  its  inner  table  above,  of  its  outer  table  below  :  and  the  parietal 
bone  is  adapted  accordingly.  The  lower  half  of  its  temporal 
margin  unites  with  the  greater  wing  of  the  sphenoid.  Its  ex- 
ternal angular  process  is  connected  to  the  malar  bone ;  its  internal 
angular  process  to  the  nasal  bone  and  nasal  process  of  the 
superior  maxillary.  Its  orbital  plate  is  connected  to  the  sphenoid, 
ethmoid,  and  lachrymal  bones.  Look  well  into  the  orbits  and  see 
these  several  connections.  They  form  a  continuous  suture  from 
one  external  angular  process  to  the  other.  This  is  called  the 
'  transverse  frontal  suture.' 

Ossification. — The  frontal  bone  is  developed  from  two 
centres,  which  appear  one  on  each  side,  m  the  situation  of  the 
frontal  eminence,  about  the  seventh  week  of  foetal  life.  These 
lateral  halves  meet  and  form  a  vertical  sutm'e  down  the  middle  of 
the  forehead,  termed  the  '  frontal '  suture  ;  so  that  in  children  the 
two  halves  of  the  bone  are  easily  separated.  Usually  this  suture 
becomes  obHterated  during  the  second  year ;  but  sometimes 
traces  of  it  persist,  as  seen  in  the  skull  Plate  XVIIL ;  hence  the 
practical  rule  not  to  mistake  it  for  a  fracture.^* 

Comparative  Osteolog-y. — In  some  animals,  such  as  the 
Carnivora  (see  skuU  of  tiger),  the  temporal  muscle  extends  so  far 
forwards  that  there  is  no  room  for  a,rticulation  between  the  malar 
bone  and  the  external  angular  process  of  the  frontal.  Thus,  m 
these  skulls  the  temporal  fossa  and  the  orbit  are  not  separated  by 
bone  as  in  man.  This  character  runs  throughout  the  Carnivora, 
Eodentia,  Edentata,  and  Pachydermata.  In  some  animals  the 
air-cells  are  very  numerous  and  large.  Let  anyone  who,  admir- 
ing the  intelUgence  of  the  elephant,  imagmes  him  to  have  a  huge 
brain,  put  his  hand  into  the  foramen  magnum  of  the  skull  which 
stands  on  the  pedestal  in  the  Mus.  Eoy.  CoU.  Surg,  and  explore 
the  cranial  cavity.  He  will  find  that  this  forms  but  a  small 
portion  of  the  size  of  the  head.  And  now  looking  at  the  sections 
of  the  skulls  in  the  case  behind  it,  he  will  see  that  the  larger 
part  of  the  skull  is  formed  by  cells  or  air  spaces  between  the 
tables  of  the  frontal,  parietal,  and  occipital  bones,  which  often 
separate  the  inner  and  outer  tables  of  the  skull  to  the  extent  of 
a  foot.    These  make  a  vast  increase  in  the  size  of  the  skull— an 
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increass  of  advantage,  however,  as  it  affords  additional  leverage 
for  those  muscles  which  are  inserted  into  the  back  of  the  skull, 
-and  raise  the  massive  head,  including  the  trunk,  tusks,  and  jaws. 
The  place  to  aim  at  in  this  animal  is  just  above  the  root  of  the 
trunk,  where  the  ease  of  the  brain  is  not  much  thicker  than  a 
shilling.  These  sinuses  are  also  weU  developed  in  the  owl  and 
the  giraffe.  In  the  great  extinct  sloths  the  upjper,  back,  and  side 
walls  of  the  cranium  were  thus  inflated  with  air  ;  so  that  in  these 
.instances  the  brain,  is  protected  by  a  double  skull,  with  air 
between  the  two.  This  modification  not  only  lightened  the  skull, 
but  protected  the  brain 'from  the  falling  trees  uprooted  for  food 
by  these  animals. 

The, horns  of  animals  such  as  oxen,  sheep,  and  antelopes,  con- 
sist of  a  horny  sheath  supported  upon  a  long  mass  of  bone  which 
grows  from  the  surface  of  the  frontal  bone.  These  horns  last 
the  lifetime  of  the  animal,  excepting,  indeed,  in  the  case  of  the 
prong-horned  antelope  at  the  Zoological  Gardens,  which  has  twice 
shed  its  horns  (No.  1419).  The  antlers  of  the  deer  consist 
entirely  of  bone,  and  grow  from  a  x^rojection  on  the  frontal  bone, 
and  are  shed  annually:  even  the  Wapiti  deer  sheds  its  huge 
antlers  every  year,  and  the  extinct  Irish  elk  formed  no  exception 
to  this  rule.  Antlers  are  very  vascular,  and  are  covered  by  a 
vascular  membrane,  termed  the  '  velvet,'  mitil  the  full  growth, 
■when  they  lose  the  '  velvet,'  and  are  themselves  ultimately  shed. 
The  horn  of  the  rhinoceros  is  simply  horny,  and  has  no  shaft  of 
bone  in  its  interior. 


TEMPOEAL  BONE. 
(Plate  VIII.) 

■  This  bone  occupies  the  temples.  It  is  a  complicated  bone, 
even  on  the  surface ;  much  more  so  in  its  interior,  because  it 
includes  the  organ  of  hearing.  It  consists  of  three  parts — a 
squamous  portion,  situated  in  the  temple  ;  a  mastoid,  forming  the 
little  projection  behmd  the  ear;  and  a  jyctrous,  which  contains 
the  organ  of  hearing,  and  projects  like  a  wedge  uato  the  base  of 
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the  skull.  This  division  is  very  convenient ;  but  the  natural  divi- 
sions of  the  bone  are :  (1)  the  squamo-zygomatic ;  (2)  theperiotic, 
comprising  the  petrous  and  mastoid';  and  (3)  the  tympanic,  or 
small  ring  of  bone  which  surrounds  the  membrana  tympani,  and 
by  its  outward  gi-owth  comes  to  form  the  greater  part  of  the 
external  auditory  passage.  These  parts  are  separate  in  the 
human  fcetus,  and  permanently  so  in  many  of  the  lower  animals. 

Squamous  Portion. — The  squamous  portion,  named  from 
its  scale-hke  appearance,  forms  part  of  the  wall  of  the  temple. 
It  is  very  thin ;  hence  the  danger  of  a  blow  here. 

We  divide  the  '  squamous  portion  '  into  an  external  and  an 
internal  surface,  with  a  circumferential  border. 

ExTERNAii  Surface. — ^At  the  lower  part  of  the  surface  there  is 
an  outgi'owth  of  bone,  termed  the  '  zygoma '  {^vyw^ia,  a  bolt  or 
bar).  It  projects  horizontally  forwards,  and  can  be  easily  felt 
on  the  side  of  the  face.  It  is  connected  by  a  strongly  serrated 
suture,  running  from  below  and  behind  upwards  and  forwards, 
to  a  similar  projection  from  the  malar  bone ;  so  that  the  two 
together  form  an  arch,  from  whose  under  border  and  inner 
sm-face  the  '  masseter '  muscle  arises,  and  beneath  which  the 
*  temporal '  muscle  plays.    (Plate  XV.  fig.  2.) 

The  base  of  the  zygoma  is  very  broad,  and  appears  to  spring 
by  two  roots  inclosing  the  '  glenoid '  cavity,  which  cavity  forms  the 
-socket  for  the  lower  jaw.  At  the  point  of  junction  of  the  two  roots, 
there  is  a  tubercle  for  the  attachment  of  the  external  lateral 
ligament  of  the  lower  jaw  joint. 

The  anterior  root  is  the  main  one.  It  is  very  broad  and 
strong,  and  forms  the  front  boundary  of  the  glenoid  cavity.  It 
is  called  the  'eminentia  articularis,'  and  near  its  inner  extremity 
it  gives  off  a  rough  ridge  which  passes  horizontally  forwards  to 
become  continuous  with  a  similar  rough  ridge  on  the  great 
wing  of  the  sphenoid.  The  *  eminentia  articularis  '  is  crusted 
with  cartilage  in  the  recent  state,  and  forms  an  additional  surface 
for  the  play  of  the  lower  jaw.  Under  ordinary  circumstances 
the  condyle  of  the  lower  jaw  is  in  the  glenoid  cavity  ;  but  while 
the  mouth  is  opening  widely,  the  condyle  can  be  felt  sliding 
so  far  forward  that  the  finger  can  be  placed  into  the  socket 
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behind  it.  In  fits  of  laughter  or  yawning,  the  condyles  may  be 
suddenly  dragged  in  front  of  the  articular  eminences  by  the 
muscles,  and  then  the  jaw  is  dislocated  into  the  zygomatic  fossa. 
Under  such  circumstances  the  person  presents  a  very  ridiculous 
appearance,  since  the  mouth  remains  wide  open  until  the  dis- 
location is  reduced. 

The  posterior  root  runs  backwards  in  the  same  line  as  the 
zygoma,  and  forms  the  upper  boundary  of  the  glenoid  cavity. 
It  then  divides  into  two  branches  :  one,  the  '  supra-mastoid ridge,' 
passes  over  the  meatus  auditorius  externus  and  then  fades  away, 
marking  the  line  of  separation  between  the  squamous  and 
mastoid  divisions  of  the  bone ;  the  other,  short  and  thick,  runs 
inwards  and  slightly  backwards  to  terminate  in  front  of  the 
'  Glaserian  fissure,'  and  in  front  of  the  '  tympanic  plate  '  of  bone, 
which  separates  the  glenoid  cavity  from  the  external  auditory 
meatus.    This  branch  shows  a  shght  process,  the  '  post-glenoid 
process,'  which  affords  support  to  the  jaw,  and  guards  against 
dislocation  backwards.    The  post-glenoid  process  is  generally 
well  marked  in  African  skulls,  and  always  so  m  the  gorilla,  the 
animal  which  approaches  man  so  nearly.   In  the  negro  race,  the 
supramastoid  ridge  is  strongly  marked,  and  is  characteristic  of  a 
degraded  type  of  skull  (see  two  Tasmanian  skulls.  Nor.  Hum. 
Ost.  Nos.  1096-1097). 

Arising  by  these  roots  the  zygoma  passes  horizontally  out- 
wards, and  then  twisting  upon  its  axis  passes  horizontally 
forwards.  The  surfaces  of  the  -first  part  are  upper  and  lower, 
and  of  the  second  inner  and  outer. 

The  glenoid  fossa  is  a  deep  oval  depression,  with  its  long  axis 
du-ected  forwards,  outwards,  and  a  little  downwards.  It  is  divided 
into  an  anterior  and  external  articular  portion,  and  a  posterior  and 
internal  non-articular  portion,  by  a  fissure  termed  the  '  Glaserian 
fissure,'  running  inwards  and  slightly  forwards,  and  indicatmg 
the  separation  between  the  squamous  and  tympanic  parts  of  the 
bone.  The  part  in  front  of  the  fissure  is  the  socket  for  the  jaw, 
and  notice  that  the  bottom  of  this  part  is  exceedingly  thin  :  the 
part  behind  it  is  occupied  by  a  lobe  of  the  parotid  salivary  gland, 
and  is  formed  by  the  '  tympanic  and  vaguaal  plates  of  the  temporal 
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bone.  Pass  a  bristle  up  the  fissure,  to  see  that  it  leads  to  the 
tympanum  of  the  ear.  The  Glaserian  fissure  contains  the  '  pro- 
cessus gracilis'  of  the  'malleus,'  the . tynipanic  artery,  and  is 
usually  said  to  transmit  the  '  chorda  tympani '  nerve ;  but  this- 
nerve,  strictly  speaking,  runs  through  a  little  canal,  opening 
from  above  and  behind  into  the  under  aspect  of  the  middle  third 
of  the  fissui-e,  and  termed  the  '  canal  of  Huguier.' 

Above  the  zygoma  the  external  surface  of  the  squamous  por- 
tion is  smooth.  It  is  marked  by  a  few  grooves  for  branches  of  the 
deep  temporal  arteries,  helps  to  form  the  'temporal  fossa,'  and 
gives  origin  to  part  of  the  temporal  muscle. 

Internal  Surface. — The  internal  surface  of  the  squamous- 
portion  is  marked  by  the  convolutions  of  the  brain,  and  by  a  narrow 
groove  which  sweeps,  m  a  curved  direction,  from  before  backward, 
indicatmg  the  course  of  the  posterior  branch  of  the  middle 
meningeal  artery.    (Plate  VIII.  fig.  2.) 

CiRCTjMFERENTLy^  BoRDER. — The  circumfereuce  behind,  above,, 
and  shghtly  in  front,  is  thin,  sharp,  serrated,  and  very  much 
bevelled  at  the  expense  of  the  inner  surface  for  articulation  with 
the  parietal.  The  greater  part  of  the  front  is  thick,  serrated,  and 
somewhat  bevelled  at  the  expense  of  the  outer  surface  for  articu- 
lation with  the  gi-eat  wing  of  the  sphenoid. 

Mastoid  Portion — The  mastoid  portion  forms  the  promi- 
nence of  bone  which  is  felt  behind  the  ear,  and  termed  the  '  mastoid 
process  '  {ixaaros,  a  nipple).  It  gives  insertion  and  great  lever- 
age to  some  of  the  muscles  which  move  the  head  round.  We 
shall  describe  it,  as  we  did  the  squamous  part,  as  having  an 
external  and  an  internal  surface  and  a  general  circumference. 

External  Surface.— This  surface  is  rough  all  over,  and  is 
prolonged  inferiorly  into  the  conical  projection  called  the  '  mas- 
toid process.'  At  the  upper  and  back  part  of  the  surface  is  a 
hole,  called  the  'mastoid  foramen,'  through  which  a  vein  runs 
from  the  lateral  sinus  to  the  outside  of  the  head.  This  explains 
why  leeches  applied  behind  the  ears  may  help  to  relieve  congestion 
of  the  brain.  Frequently  this  foramen  is  situated  in  the  suture 
between  the  mastoid  portion  and  the  occipital,  and  sometimes  it  is 
absent  altogether.  The  outer  surface  of  the  mastoid  portion  gives 
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attachment  above  and  in  front  to  the  '  sterno-cleido-mastoid,' 
below  and  behhad  it  to  the '  splenius  capitis,',  and  below  and  behind 
the  splenius  to  the  '  trachelo-mastoid '  muscle.  (Plate  VIII.  fig.  1.) 
As  one  would  expect,  the  mastoid  process  is  much  more  fully 
developed  in  the  male  than  in  the  female.    If  a  section  be  made 
through  the  process,  it  is  found  to  contain  large  and  fi-eely 
communicating  cells,  termed  '  mastoid,'  which  open  into  the 
back  part  of  the  middle  ear,  or  tympanum.    These  cells,  hke 
the  tympanum  itself,  contain  warm  air,  which  is  admitted  from 
the  upper  part  of  the  pharynx  through  the  '  Eustachian  tube.' 
They  not  only  make  the  bone  light,  but  are  useful  to  the 
sense  of  hearing,  by  allowing  more  space  for  the  vibration  of  the 
air.     They  are  not  developed  till  the  approach  of  puberty. 
The  mastoid  cells,  as  a  whole,  are  sometimes  termed  the  '  mastoid 
antrum.' 

Internal  Surface.— The  internal  surface  of  the  mastoid 
portion  is'  divided  into  an  ij^jjjer,  or  intm-cranial,  and  a  lower,  ox 
extra-cranial,  portion  by  a  narrow  serrated  surface  for  articulation 
with  the  occipital  bone.     The  intra-cranial  i^rtion  is  smooth, 
presents  posteriorly  a  slightly  concave  space  for  the  cerebeUum, 
^'ith  one  or  two  small  grooves  on  it  for  posterior  meningeal 
arteries,  and  anteriorly  a  half-groove,  made  a  whole  one  by  the 
junction  of  a  corresponding  half-groove  on  the  posterior  surface 
of  the  petrous  portion,  for  the  lodgment  of  the  lateral  sinus.  In 
this  groove  we  notice  the  inner  aspect  of  the  mastoid  foramen,  if 
it  be  present.    The  extra-cranial  portion  is  formed  mostly  by  the 
inner  surface  of  the  '  mastoid  process,'  and  presents  from  above 
downwards  a  shallow,  smooth,  narrow,  antero-posterior  groove 
for  the  occipital  artery,  and  below  and  outside  that  a  deep,  rough, 
broad  antero-posterior  one  for  the  attachment  of  the  posterior 
belly  of  the  '  digastric  '  muscle. 

Circumference.— Superiorly  the  circumference  runs  pretty 
straight  from  before  backwards,  and  is  thick  and  serrated  for 
articulation  with  the  parietal  bone.  Posteriorly  and  infenorly  it 
runs  downwards  and  forwards,  and  is  slightly  serrated  for  articu- 
lation with  the  occipital  bone.  Anteriorly  and  internally  the 
mastoid  portion  is  continuous  with  the  petrous,  part.    The  point 
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of  meeting  of  the  superior-iDOsterior  angle  of  the  mastoid  portion 
with  the  lateral  angle  of  the  occipital  and  the  posterior-inferior 
angle  of  the  parietal  we  call  the  asterion. 

Petrous  Portion.— The  '  petrous  portion '  derives  its  name 
from  the  hardness  of  its  constituent  bone  {irsTpos,  a  rock).  It 
projects  from  behind  forwards,  inwards,  and  slightly  upwards 
into  the  base  of  the  skull  (Plate  XIX.) ,  and  so  carries  far  out  of 
harm's  way  the  delicate  organ  of  hearing  which  it  contauis.  Its 
shape  is  like  a  triangular  pyramid  with  the  apex  inwards  ;  so 
that,  for  descriptive  pm-poses,  it  may  conveniently  be  divided 
into  three  surfaces — an  anterior,  a  posterior,  and  an  inferior : 
three  borders — anterior,  superior,  and  posterior :  then  there  is  a 
base  and  an  apex.  Our  best  plan  is  to  examine  each  of  these 
parts  separately,  that  we  may  be  able  to  answer  the  question, 
what  is  seen  on  the  anterior,  what  on  the  posterior  surface,  and 
so  foi-th.    Take  the  base  first. 

Base. — At  the  base  of  the  petrous  portion  is  the  orifice  of  the 
passage  to  the  ear,  termed  the  '  meatus  auditorius  externus.'  It  is 
situated  immediately  behind  the  glenoid  cavity,  and  its  boun- 
daries are  chiefly  formed  by  a  curved  plate  of  bone,  called  the 
'  processus  auditorus,'  or  '  tympanic  plate.'  Observe,  first,  that 
the  edge  of  it  is  very  jagged,  for  the  attachment  of  the  cartilage 
of  the  ear ;  and  then  look  carefully  down  the  passage  to  see  that 
this  curved  plate  of  bone  forms  its  boundary  wall  all  round, 
except  at  the  uppermost  part.  This  inspection  will  probably 
suggest  that  the  whole  plate  is  something  superadded  to  the  rest 
of  the  bone— a  sort  of  after-growth  ;  which  is  precisely  the  case. 
In  the  fcfitus  there  is  no  meatus,  but  simply  a  ring  of  bone 
forming  three-fourths  of  a  circle,  the"  deficiency  being  at  the 
upper  part.  This  ring  is  ossified  independently  about  the  third 
month,  is  quite  distmct  from  the  other  parts,  and  to  it  is  attached 
the  membrane  of  the  drum  of  the  ear  (membrana  tympani)  ;  so 
fhat  at  this  early  period  it  might  be  rudely  compared  to  a  hoop 
with  a  membrane  stretched  across  it.  In  many  animals  this 
remains  permanently  a  distinct  bone,  under  the  name  of  the 
'  tympanic  bone.'  (Plate  XVIII.  fig,  5.)  In  process  of  time, 
however,  the  hoop  begins  to  grow  out  on  its  external  side,  and 
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thus  becomes  a  canal  or  meatus,  which,  as  it  grows  longer, 
gradually  coalesces  with  the  other  constituents  of  the  bone,  and 
runs  forwards  and  inwards. 

Kespecting  the  shape  of  the  passage,  observe  that  it  is  oval, 
with  the  long  diameter  directed  downwards  and  backwards; 
therefore  all  specula  used  for  examining  the  ear  ought  to  be  of 
the  like  shape.  The  narrowest  part  of  the  passage,  in  the  recent 
state,  is  about  the  middle ;  hence  if  a  foreign  body,  such  as  a 
pea,  happen  to  get  into  the  ear,  it  is  generally  pushed  through 
the  narrow  part  by  clumsy  efforts  to  extract  it,  and  then  the 
moisture  of  the  ear  causes  it  to  swell,  and  makes  its  extraction 
most  difficult  and  painful.  In  its  course  the  external  auditory 
canal  is  sHghtly  arched  upwards  and  backwards  as  it  passes 
forwards  and  inwards.  It  is  limited  at  its  inner  end  by  the 
'  membrana  tympani,'  which  is  attached  to  it  in  such  a  way  that 
it  strikes  the  anterior  and  mferior  walls  of  the  passage  at  an 
angle  of  45° ;  therefore  the  longest  part  of  the  external  auditory 
canal  is  the  line  of  junction  between  its  anterior  and  mferior 
.walls. 

j^PEX.  The  apex  of  the  petrous  portion  is  cut  obKquely,  so 

as  to  articulate  by  a  slightly  serrated  surface  with  the  side  of  the 
basilar  portion  of  the  occipital  bone,  and  to  bound  the  '  foramen 
lacerum  medium  '  behind  and  outside.  It  presents  the  anterior 
opening  of  the  '  carotid  canal.' 

Anterior  Surface.— The  anterior  surface  (Plate  IX.  fig.  2) 
of  the  petrous  portion  forms  part  of  the  middle  cerebral  fossa, 
and  bears  cerebral  impressions  and  small  grooves  for  meningeal 
arteries.  About  the  middle  of  it  is  a  smooth  eminence  runnmg 
forwards  and  outwards,  indicating  the  position  of  the  '  anterior 
semich-cular  canal'  (a  part  of  the  internal  ear).  Anterior  and 
internal  to  this  is  an  elevation  with  a  depression  m  front, 
corresponding  to  the  roof  of  the  middle  ear  or  'tympanum.' 
More  forward  is  a  smaU  furrow  leading  backwards  and  outwards 
to  an  opening  termed  the  '  hiatus  Fallopii '  for  the  passage  of  the 
'great  superficial  petrosal'  nerve.  Immediately  to  the  front 
and  the  outside  of  this  is  a  smaller  furrow  and  openmg  which 
'give  passage  to  the  'small  superficial  petrosal'  nerve.  Near 
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the  apex  is  a  depression  for  the  '  Gasserian  gangHon,'  and  in 
front,  and  external  to  thii^,  is  the  irregular  upper  opening  of  the 
'carotid  canal.'  In  most  bones,  at  the  line  of  union  between  this 
surface  and  the  inner  surface  of  the  squamous  portion,  one  sees 
the  remains  of  the  suture  between  the  petrous  and  squamo- zygo- 
matic parts  of  the  bone. 

PosTEKioB  Surface.— The  posterior'  surface  of  the  petrous 
portion  forms  part  of  the  posterior  fossa  of  the  base  of  the  skull. 
It  looks  backwards,  inwards,  and  upwards.    (Plate  XIX.)  The 
most  prominent  object  upon  it  is  the  '  meatus  auditorus  internus  ' 
(Plate  "\rEII.  fig.  2),  a  large  canal  which  runs  nearly  horizontally 
outwards  and  transmits  the  '  seventh '  nerve,  which  consists 
of  the  auditory  nerve  (portio  moUis),  and  the  motor  nerve  of  the 
face  (portio  dm-a),  with  .the  pars  intermedia  of  Wrisberg.   It  also 
transmits  the  auditory  artery,  a  branch  of  the  basilar.  The 
meatus  is  much  larger  than  the  ne:rves  which  it  transmits,  the 
space  between  them  and  the  bony  canal  being  filled  by  a  fluid 
(cerebro-spmal),  which  surrounds  and  supports  the  brain.  In 
feactm-es  through  the  base  of  the  skull  involving  the  meatus,  the 
fluid  sometimes  oozes  out  through  the  external  ear :  this,  there- 
fore, is  regarded  as  a  very  grave  symptom  in  ca,ses  of  injuries  to 
the  head.    A  transverse  section  near  the  bottom  of  the  meatus 
would  show  that  it  is  divided  by  a  small  ridge  of  bone  into  two 
unequal  parts,  as  seen  in  Plate  LVIII.   In  the  upper  and  smaUer 
of  the  two  is  the  commencement  of  a  special  canal  (aqufeductus 
Fallopu)  for  the  motor  nei^e  of  the  face  ;  in  the  lower  there  are 
several  minute  apertures  arranged  in  a  spiral  form.  About 
a  quarter  of  an  inch  behind  the  meatus  is  a  slit-like  opening 
which  looks  backwards,  and  is  termed  the  '  aqucBductus  restibulL' 
This,  though  about  a  quarter  of  an  inch  long,  soon  contracts 
so  much  that  it  will  barely  admit  a  bristle.    It  leads  to  the 
vestibule  of  the  internal  ear.    Between  these  two  openings 
and  just  under  cover  of  the  upper  border,  is  a  small  hollow! 
with  a  little  opening  at  the  bottom,  for  the  transmission  of  a 
process  of  dura  mator  and  a  small  vein.    Below  the  meatus 
auditorius  internus  we  frequently  see  part  of  the  'aqureductus 
cochle£e,'  better,  however,  seen  on  the  inferior  surface  and 
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leading  into  the  cochlear  part  of  the  internal  ear.  Externally 
we  notice  a  smooth  half-groove,  made  into  a  whole  one  by  the 
fusion  of  the  corresponding  half-groove  upon  the  mastoid  portion, 
for  the  transmission  of  the  lateral  sinus. 

Inferior  Surface.— The  inferior  surface  of  the  petrous  portion 
presents  an  irregular  aspect,  and  has  many  holes  in  it.  (Plate  IX. 
fig.  1.)    Beginning  near  the  base,  notice,  first,  the  '  auricular 
fissure '  separating  the  processus  auditorius  from  the  mastoid 
process,  and  transmitting  a  small  blood-vessel ;  next  the  '  styloid 
process,'  so  called  from  its  resemblance  to  an  ancient  '  style  '  or 
pen.    It  is,  originaUy,  distinct  from  the  rest  of  the  bone,  but 
gradually  has  coalesced  with  it  by  the  end  of  the  third  year. 
This  long  '  process  '  descends  with  a  slight  inclination  forwards, 
and  gradually  tapers  to  a  sharp  point.    Its  length  varies  in 
different  skulls  :  generally  it  is  about  half  an  inch  long.    In  old 
skulls  it  is  sometimes  longer  :  there  is  a  skull  in  the  museum  of 
St  Bartholomew's  Hospital  which  has  a  styloid  process  three 
inches  long.    It  gives  origin  to  three  muscles  and  two  hgaments. 
The  muscles  are  for  the  movement  of  the  tongue  and  pharynx  ; 
they  arise  as  follows:  the  '  stylo-pharyngeus,'  from  the  mner 
side  of  the  base;  the  '  stylo-hyoideus,'  from  the  posterior  side 
of  the  base  ;  and  the  '  stylo-glossus,'  from  the  front  of  the 
process.    (Plate  VIII.  fig.  1.)   To  the  tip  itself  is  attached  the 
'  stylo-hyoid  ligament,'  which  runs  downward  and  forward  to  the 
lesser  cornu  of  the  os  hyoides.    The  other  Ugament  attached 
to  the  process  is  the  '  stylo-maxillary,'  which  separates  the  sub- 
maxillary from  the  parotid  gland.    Lastly,  the  fore  part  of 
the  root  of  the  styloid  process  is  surrounded  by  a  kmd  ot  bony 
sheath,  termed  the  '  vaginal  process,'  about  which  there  is  nothmg 
to  be  remarked  except  that  it  is  a  continuation  of  the  plate  ot 
bone  which  forms  the  hinder  part  of  the  glenoid  cavity.  U  aff^ 

Between  the  mastoid  and  the  styloid  processes  is  a  hole  7^. 
termed  the  '  stylo-mastoid  foramen.'  (Plate  IX.  fig.  1.)  It  gives 
exit  to  the  motor  nerve  of  the  face  (portio  dura),  which  entered 
the  bone  at  the  meatus  auditorius  internus.  The  stylo-mastoid 
artery  a  branch  of  the  posterior  auricular,  enters  at  the  fora- 
men of  the  same  name,  and  suppHos  the  tympanum.  If  you  mtro- 
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duce  a  stiff  bristle  into  the  hole,  you  will  probably  succeed  in 
passing  it  through  the  bony  canal  traversed  by  the  nerve  Irom  its 
entrance  to  its  exit.    The  canal  is  a  complete  tube  of  bone,  called 
the  '  aqueductus  Fallopii '    after  the  anatomist  who  first  described 
it.    (Plate  LYIII.)    The  passage  of  this  nerve  through  the  tem- 
poral bone  renders  it  hable  to  be  injured  in  fractures  of  the  base 
of  the  skull,  or  m  disease  of  the  ear ;  and  this  explams  the  para- 
lysis of  one  side  of  the  face  which  sometimes  occurs  under  these 
circumstances.    On  the  inner  side  of  the  stylo-mastoid  foramen 
is  a  four-sided,  articular,  and  slightly  serrated  surface  for  articu- 
lation of  the  upper  sm-face  of  the  jugular  process  of  the  occipital 
bone,  and  caUed  the  '  jugular  surface.'   In  front  of  this  is  a  deep 
smooth  depression,  termed  the  '  jugular  fossa.'  This,  with  a  corre- 
sponchng  part  of  the  occipital  bone,  forms  the  '  foramen  lacerum 
posterius.'  (Plate  XX.)  Here  the  lateral  sinus  pom^s  its  blood  into 
the  commencement  of  the  mternal  jugular  vem,  which  forms  a 
great  bulge  and  fills  the  fossa.   Here  also  the  glosso-pharyngeal, 
pneumogastric,  and  spinal  accessory  nerves  leave  the  skull 
(through  a  notch,  it  may  be  a  foramen,  in  the  front  of  the  foramen 
lacerum ;  and  here,  one  of  the  posterior  meningeal  arteries,  a 
branch  of  the  ascending  pharyngeal  (perhaps  also  a  branch  of  the 
occipital)  enters  it,  and  the  inferior  petrosal  sinus  leaves  it.  On 
the  outer  wall  of  the  jugular  fossa,  near  the  root  of  the  styloid  pro- 
cess, we  find  the  minute  foramen  which  transmits  the  auricular 
branch  of  the  pneumogastric  or  Ai-nold's  nerve.    Anterior  and 
internal  to  the  jugular  notch  is  the  large  cii-cular  commencement 
of  the  canal  in  the  petrous  bone,  through  which  the  carotid  artery 
enters  the  skull  (' carotid  canal').    The  canal  mounts  nearly 
perpendicularly  for  a  short  distance,  and  then,  turning  for- 
wards, upwards,  and  inwards,  emerges  at  the  apex  of  the  bone. 
At  the  bend  between  the  vertical  and  horizontal  portions  of  the 
carotid  canal,  and  situated  on  its  upper  wall,  we  see  a  small 
foramen  for  the  smallest  petrosal  nerve.    On  the  plate  sepa- 
rating the  jugular  notch  from  the  carotid  canal  is  a  minute  hole, 
which  transmits  the  tympanic  branch  of  the  glosso-pharyn^'eal 
('  Jacobson's  nerve ').  Anterior  and  internal  to  the  jugular  notch, 
and  close  to  the  posterior  border  of  the  petrous  portion,  is  a 

F 


66 


TEMPORAL  BONE 


wide-mouthed  foramen,  sometimes  partially  seen  on  the  pos- 
terior surface  of  the  petrous  bone,  and  which  is  the  lower  opening 
of  the  '  aqueductus_£QeIile|B,'  a  canal  leading  into  the  cochlear 
portion  of  the  mternal  ear.  Near  the  apex  is  a  rough  s.urface, 
which  gives  origin,  close  to  the  anterior  border,  to  the  '  tensor 
tympani,'  and  in  the  rest  of  its  extent,  to  the  '  levator  palati.' 

ANTERIOR  Border. — This  is  partly  free  and  partly  attached. 
The  attached  part  is  continuous  with  the  squamous  portion, 
perhaps  showing  the  remains  of  a  suture  indicating  their  original 
separation.  The  free  portion  runs  forwards  and  inwards,  is 
slightly  serrated,  and  articulates  with  the  great  wing  of  the 
sphenoid  bone.  If  we  look  at  the  angle  between  this  free  part 
and  the  adjacent  serrated  border  of  the  squamous  part,  we  shall 
observe  two  tubes  running  backwards  and  outwards  parallel  to 
each  other,  Uke  a  double-barrelled  gun  (except  that  they  he  one 
above  the  other)  :  they  both  lead  to  the  tympanum.  The  upper 
of  the  two  is  the  canal  for  the  '  tensor  tympani '  muscle ;  the 
lower,  which  is  by  far  the  larger,  is  the  '  Eustachian  tube,'  or 
the  passage  which  conveys  the  air  from  the  pharynx  to  the  tym- 
panum. The  thin  partition  which  separates  the  two  barrels  is 
called  the  'processus  cochleariformis.'  Just  below  the  lower 
barrel  is  the  anterior  end  of  the  Glaserian  fissure. 

The  Superior  Border  has  a  smooth  narrow  groove  runnmg 
along  it  for  the  superior  petrosal  sinus. 

The  Posterior  Border  presents,  from  behind  forwards,  the 
lower  end  of  the  groove  for  the  lateral  sinus,  next  the  posterior 
and  internal  border  of  the  surface  for  articulation  with  the  jugu- 
lar process  of  the  occipital,  next  the  similar  part  of  the  jugular 
notch,  next,  perhaps,  part  of  the  lower  opening  of  the  aqueductus 
cochleae,  next  a  smooth  half-groove,  made  a  whole  one  by  the 
apposition  of  a  corresponding  one  on  the  occipital  bone,  and 
lastly,  parallel  with  the  last,  a  rough  serrated  articular  surface 
for  articulation  with  the  basilar  portion  of  the  occipital  bone. 

In  the  recent  state,  the  'meatus  auditorius  externus  _  has 
its  inner  end  closed  by  a  membrane,  '  membrana  tympam,  on 
the  inner  side  of  which  is  a  six-sided  air  chamber,  called  tlie 
'  tympanum.'    It  contains  a  series  of  ossicles,  '  ossicula  auditus 
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(Plate  LVIII.),  whose  duty  it  is  to  convey  the  oscillations  of  the 
membrana  tympani  to  the  fluid  lying  in  a  complicated  cavity,  the 
'  bony  labjTinth,'  situated  in  the  petrous  portion  of  the  temporal 
bone. 

Cavity  of  the  Tympanum — This  is  an  irregular  cube 
flattened  from  within  outwards  (narrowest  below),  and  presenting, 
accorcUngly,  external,  anterior,  posterior,  superior,  inferior,  and 
internal  walls  or  surfaces. 

The  external  surface  is  formed  by  the  membrana  tympani, 
and  near  its  upper  border  in  front  are  small  openings  for  the 
chorda  tympani  nerve  and  the  processus  gracihs  of  the  maUeus. 

^  The  anteiior  surface  shows  a  large  opening  below,  the  '  Eusta- 
chian tube,'  by  which  air  can  pass  in  and  out  from  the  pharynx  • 
and  above,  a  thin-walled  channel  with  an  orifibe  at  its  extremity 
for  the  passage  of  the  '  tensor  tympani '  muscle. 

The  posterio7-  surface  presents  openings  leading  into  the  au- 
filled  cells  of  the  mastoid  process. 

ThB  supeiior  surface  is  smooth-the  bone  forming  it  is  very 
thm,  and  m  cases  of  suppm-ative  inflammation  of  the  tympanum 
presents  Httle  impediment  to  the  extension  of  the  inflammation 
to  the  parts  above. 

The  inferior  surface  is  the  narrowest  of  all,  and  shows  no 
features  ol  importance. 

The  z-«n.r.«r/«ce  shows  an  upward  extension  of  the  tympanum 
separated  by  very  thin  bone  from  the  cavity  of  the  cranium.  At 
the  ower  border  of  this  extension  is  a  thin  layer  of  bone  which 
divides  the  tympanic  chamber  fr-om  the  '  aqueductus  Fallopii ' 
Lelow  this  IS  an  oval  opening,  the  '  fenestra  ovaHs,'  to  the  border 
of  which  the  base  of  the  stapes  is  attached  by  ligament.  In 
front  of  this  fenestra,  and  projecting  outwards  into  the  tympanum 
IS  the  canal  m  which  the  '  tensor  tympani '  is  lodged  BehhTi 
IS  a  conical  emmence,  the  '  pyramid,'  in  which  adses  the  'sta 
pedins   muscle,  a  small  opening  at  the  extremity  of  the  emi- 

the  fenestra  ovahs  is  the  '  fenestra  rotunda,'  closed  in  the  fresh 

^J^T"""'"^;  led  by  the  backward 

projection  of  an  anterior  hp  of  bone,  which  is  continuous  with  a 
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rounded  projection  in  front,  called  the  '  promontory.'  The  surface 
of  the  promontory  is  marked  by  grooves  for  the  tympanic  plexus 
■of  nerves. 

Ossicula  Auditus. — Of  these  there  are  three,  viz.  MAiiLBXJS, 
Incus,  and  Stapes.    See  Plate  LVIII. 

Malleus. — This  bone  is  attached  by  its  two  processes,  '  pro- 
cessus brevis '  and  '  longus,'  to  the  membrana  tympani.  A  slender 
process,  '  processus  gracihs,'  projects  downwards,  inwards,  and 
forwards,  at  right  angles  to  the  latter.  It  is  lodged  in  the 
Glaserian  fissure,  but  is  commonly  atrophied  and  lost  in  early 
life.  Above  these  processes  is  the  '  neck,'  to  the  posterior  surface 
of  which,  at  its  junction  with  the  '  processus  longus,'  the  '  tensor 
tympani'  is  attached.  The  neck  expands  above  into  a  sub- 
globular  head,  directed  upwards,  and  elongated  from  before 
backwards.  The  external  and  posterior  sides  of  the  head  articu- 
late with  two  converging  articular  facets  upon  the  anterior  surface 
of  the  incus. 

Incus. — This  bone  presents  a  broad,  backwardly  directed  pro- 
cess, the  '  processus  brevis,'  which  has  a  mmute  notch  on  its 
inner  border  near  its  posterior  extremity.  -  At  right  angles  to 
the  processus  brevis  the  'processus  longus,'  having  a  slightly 
sigmoid  curve,  passes  downwards  and  inwards.  Its  inner  ex- 
tremity turns  abruptly  upwards,  and  is  continuous  with  a  small 
rounded  nodule  of  bone,  called  the  '  os  orbiculare,'  which  smaU 
nodule  is  flattened  from  above  downwards  and  articulates  with 
the  head  of  the  stapes. 

Stapes.— This  appropriately  named  bone  consists  of  a  '  head,' 
bearing  a  shallow  concave  articular  surface  inferiorly  for  articu- 
lation with  the  OS  orbiculare  of  the  mcus.  On  the  posterior 
sm-face  of  the  head  a  small  bony  process  gives  insertion  to  the 
'  stapedius '  muscle.  From  the  head  spruig  two  '  crura,'  hol- 
lowed out  on  then-  apposing  surfaces,  the  '  anterior  crus  '  bemg 
slender,  the  '  posterior '  more  robust,  and  showing  a  knee-like 
thickening  at  one  point.  The  'base'  is  borne  by  the  upper 
extremities  of  the  crura,  and  fits  into  the  fenestra  ovalis  on  the 
inner  wall  of  the  tympanum.  It  is  oval  in  form,  but  its  mner 
or  inferior  border  is  nearly  straight.    The  anterior  extremity  of 
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the  base  is  frequently  more  pointed  than  the  posterior,  and  the 
surfaces  are  sHghtly  concave  in  the  centre,  with  an  elevated  and 
rounded  circumferential  border. 

Bony  Ziabyrlnth. — This  highly  complicated  chamber  lies 
concealed  in  the  substance  of  the  petrous  portion  of  the  temporal 
bone.  At  bu-th  its  walls  are  formed  by  a  sj)ecial  thin  layer  of 
bone,  having  the  vascular  and  foetal  bone  surroundmg  it.  At 
this  period,  with  care,  the  porous  bone  can  be  removed  from  the 
proper  wall  of  the  labyrinth,  so  that  the  form  of  the  latter  may 
be  distinguished.  (See  Plate  LVIII.')  In  adult  life,  the  great 
density  of  the  petrous  bone  renders  this  impossible.  Its  form 
is  closely  adapted  to  that  of  a  membranous  bag,  the '  membranous 
labyrinth,'  which  is  lodged  in  its  interior,  and  is  surrounded  by 
fluid  over  the  gi"eater  part  of  its  surface.  On  certain  parts  of 
this  bag  the  auditory  nerve  is  distributed. 

If  such  a  bony  labyrinth  be  examined  from  its  inner  sur- 
face (Plate  LVIII.),  it  will  be  seen  to  consist  of  three  parts,  viz. 
(1)  a  central  irregular  chamber,  the  '  vestibule,'  (2)  three  '  semi- 
circular canals  '  and  the  '  common  canal '  connected  with  the  roof 
of  the  vestibule,  (3)  in  front  a  snail-shell-hke  chamber,  the 
cochlea. 

The  VESTiBULB  shows  on  its  inner  surface  in  front  two  bulgings 
corresponding  with  depressions  of  its  interior.  The  upper  of 
these  is  the  '  fovea  hemi-eUiptica,'  and  lodges  the  dilated  anterior 
extremity  of  a  part  of  the  membranous  labyrmth,  the  '  recessus 
utriculi ; '  the  lower  is  the  '  fovea  hemispherica,'  and  is  occupied 
by  the  '  sacculus '  part  of  the  same  bag.  A  ridge  of  bone,  '  crista 
vestibuli,'  separates  these  two  depressions. 

Above  the  vestibule  are  the  three  '  semicircular  canals,'  best 
named  anterior,  posterior,  and  horizontal.  They  lie  in  the  three 
sides  of  a  cube,  and  each  has  at  one  extremity  a  dilatation  called 
the  'ampulla.'  These  bony  canals  contain  portions  of  the 
membranous  labyrinth,  having  similar  names.  The  posterior 
extremity  of  the  anterior  canal  and  the  anterior  extremity  of  the 
posterior  one  open  into  a  larger  tube,  spoken  of  as  the  '  common 
canal.'  This  common  tube  lodges  a  part  of  the  membranous  laby- 
rinth, best  considered  as  the  '  sinus  superioris  utriculi.'    In  the 
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inner  wall  of  the  common  canal  is  a  minute  passage,  the  '  aque- 
ductus  vestibuli,'  opening  below  into  the  vestibule,  and  above 
into  the  cranial  cavity.  This  aqueduct  contains  a  blood-vessel 
and  an  exceedingly  delicate  tube,  '  ductus  endolymphaticus,' 
which  terminates  above  in  a  blind  and  somewhat  dilated  ex- 
tremity, the  '  saccus  endolymphaticus,'  and  below  divides  into 
two  branches,  of  wliich  one  opens  into  the  '  sacculus,'  and  the 
other  into  the  '  utriculus.'  The  ductus  endolymphaticus  is 
interesting,  as  it  is  the  remains  of  the  inpushmg  of  the  outer 
surface  of  the  embryo,  from  which  the  epithelial  lining  of  the 
membranous  labyrinth  is  derived. 

The  COCHLEA  forms  a  spiral  of  two  turns  and  a  half  round  a 
hollow  bony  axis,  the  '  modiolus.'  The  axis  is  directed  outwards, 
forwards,  and  slightly,  downwards  in  a  plane  parallel  to  that  of 
the  anterior  semicircular  canal.  The  commencement  of  the 
cochlea,  as  it  bulges  outwards  into  the  tympanum,  contributes 
to  the  formation  of  the  promontory.  A  bony  plate,  the  '  lamina 
spiralis  ossea,'  attached  to  the  modiolus,  partially  divides  the 
cavity  of  the  cochlea  into  two  passages,  the  division  being  com- 
pleted in  the  fresh  state  by  a  membrane,  called  the  '  lamina 
spiralis  membranacea  vel  membrana  basilaris.'  The  posterior  of 
these  passages  is  the  '  scala  tympani,'  which  would  open  into  the 
tympanic  cavity;  in  the  fresh  state,  at  the  fenestra  rotunda,  if 
that  opening  were  not  closed  by  membrane.  The  anterior  pas- 
sage is  divided  by  membrane,  the  '  membrane  of  Eeissner,'  into 
two ;  and  of  these  the  one  nearest  the  modiolus  is  known  as  the 
'  scala  vestibuli,'  and  opens  into  the  vestibule  ;  the  other,  farthest 
from  the  modiolus,  is  called  the  '  scala  media,'  or  '  ductus 
cochleae.'  The  scala  media  terminates  in  a  blind  end  at  the  top 
of  the  cochlea,  whilst  in  the  vestibule  it  is  continuous  with  the 
sacculus  by  means  of  a  fine  tube,  named  the  '  canahs  reuniens.' 
At  the  apex  of  the  cochlea  the  '  scala  vestibuh  '  and  the  '  scala 
tympani '  communicate  by  a  small  hole,  the  '  helicotrema,'  and 
at  the  same  place  the  osseous  lamina  terminates  in  a  hook-like 
process,  termed  the  '  hamulus,'  these  parts  being  concealed  be- 
neath the  dome-like  apex  or  '  cupola.' 

Connections. — The  temporal  is  connected  with  five  bones. 
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The  squamous  portion  is  connected  to  the  i^arietal  bone  and 
the  gi-eat  >Ying  of  the  sphenoid  by  the  '  temporo-parietal '  and 
'  temporo-sphenoidal '  sutures  respectively,  concerning  which  the 
IbUowing  mechanism  must  be  noticed ;  namely,  that  the  squamous 
part  overlaps  the  parietal  above,  but  is  itself  overlapped  by  the 
sphenoid  below — an  arrangement  which  greatly  contributes  to 
the  security  of  the  arch  of  the  skuU.  The  mastoid  part  is  con- 
nected, above,  to  the  posterior  inferior  angle  of  the  parietal  by 
the  '  masto-parietal '  sutm-e,  and,  behind,  to  the  occipital  by  the 
'  masto-occipital '  suture.  The  petrous  part  is  wedged  into  the 
base  of  the  skuU  between  the  sphenoid  and  occipital  bones. 
(Plate  XIX.)  The  zygomatic  process  is  connected  to  the  malar 
bone  by  a  strong  suture,  the  'zygomatic,'  which  slopes  down- 
wards and  backwards.  Lastly,  the  glenoid  cavity  articulates 
with  one  of  the  condyles  of  the  lower  jaw.  In  the  hving  sub- 
ject, an  inter-articular  fibro- cartilage,  lined  above  and  below  by 
synovial  membrane,  separates  the  two  articular  surfaces,  and 
protects  this  part  of  the  skull  from  the  effects  of  a  blow  under  the 
lower  jaw. 

Ossification. — The  development  of  the  temporal  is  somewhat 
comphcated.  It  is  divided  into  the  followmg  parts :  a  squamo- 
zygomatic,  a  tympanic,  and  a  petro-mastoid.  The  squmno-zygo- 
matic  starts  from  a  nucleus  of  ossification  which  appears  in 
membrane  at  the  lower  part  of  the  squamous  portion  and  ex- 
tends outwards  to  form  the  zygomatic  portion.  The  squamo- 
zygomatic  part  joins  the  petro-mastoid,  which  we  shall  presently 
describe,  during  the  first  year.  The  tymxianic  ring  grows  from 
a  nucleus  which  appears  in  the  membranous  outer  wall  of  the 
tympanum  inferiorly  in  the  third  month,  and  which  extends 
upwards  to  form  an  imperfect  ring  (wanting  above)  affording 
attachment  to  the  membrana  tympani.  The  upper  ends  of  the 
ring  are  ossified  to  the  squamo-zygomatic  portion  just  before 
birth.  The  petro-muHtoid  or  periotic  has  several  nuclei  appearing 
in  cartilage,  and  which  Huxley  arranges  in  the  following  way : 
(1)  '  prootic,'  forming  upper  parts  of  petrous  and  mastoid  por- 
tions with  most  of  the  bony  internal  ear  ;  (2)  '  opisLhotic,'  forming 
the  lower  part  of  the  petrous,  and  most  of  the  walls  of  the  middle 
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ear ;  (3)  '  epiotic,'  forming  the  lower  part  of  the  mastoid  por- 
tion. These  three  last-named  parts  unite  with  one  another  before 
bu-th  and  join  the  squamo-zygomatic  portion  in  the  first  year. 
The  mastoid  process  begins  to  be  developed  about  the  second 
year,  but  its  air-cells  do  not  appear  till  puberty. 

The  styloid  process  is  formed  by  (1)  the  '  tympano-hyal '  at 
the  base,  from  a  centre  of  ossification  in  cartilage  appearing  before 
birth,  and  rapidly  joining  the  bone,  and  (2)  the  '  stylo-hyal,' 
appearing  after  birth,  but  not  joining  tm  adult  age,  and  very 
frequently  remaining  permanently  separate.  The  external  audi- 
.tory  meatus  is  formed  by  the  squamous  and  mastoid  portions 
above  and  behind,  and  the  tympanic  plate  below  and  in  front. 
The  tympanic  plate  is  formed  by  an  outward  projection  and 
ultimate  coalescence  of  two  osseous  nuclei  in  the  tympanic  ring, 
appeariug  in  its  anterior  and  posterior  parts  respectively.  As 
these  centres  of  ossification  grow  out  they  meet  and  form  a  fora- 
men, in  the  floor  of  the  meatus,  at  the  second  year,  and  which 
foramen  ought  to  disappear  about  the  fifth  year,  but  may  occa- 
sionally remain  permanently  open. 

Comparative  Osteolog-y. — In  white  men  the  temporal  bone 
very  rarely  articulates  with  the  frontal,  but  this  abnormality  ap- 
pears to  be  less  rare  in  some  coloured  races.  In  the  Hum.  Ost. 
Ser.  it  may  be  seen  in  four  skulls  of  natives  of  New  Caledonia, 
Nos.  1159,  1160,  1161  and  1146  ;  in  two  Australian  skulls,  Nos. 
1088,  1071,  as  well  as  in  two  remarkably  long  skulls  iu  the 
General  Ost.  Ser.  Nos.  126,  127.  Some  of  these  abnormali- 
ties may  be  explained,  by  referring  to  Plate  XVIII.  fig.  5,  in 
which  it  will  be  seen  that  where  these  bones  meet,  is  the  anterior 
lateral  fontanelle.  Here  there  is  occasionally  developed  a  small 
Wormian  bone  called  the  '  epipteric  bone.'  (General  Ost.  Ser. 
No.  116.)  If  the  epij)teric  bone  unite  to  either  the  sphenoid  or 
parietal,  the  articulation  is  normal,  but  if  to  the  frontal  or  tem- 
poral, it  is  abnormal;  in  the  Orang-utan  the  temporal  bone 
articulates  with  the  frontal  normally,  and  this  is  also  the  case  in 
nearly  all  the  monkeys. 

It  seems  curious  that  the  Howling  Monkey  (Mycetes  laniger) 
has  these  articulations  similar  to  those  of  man. 
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Notice  the  immense  zygomatic  arch  in  the  skeleton  of  the 
manatee.  (No.  2729.) 

In  all  the  Mammalia,  and  in  them  alone,  the  lower  jaw  arti- 
culates directly  with  the  temporal  bone.  By  referring  to  No.  12 
in  the  Nor.  Hum.  Ost.  the  tympanic  bone  and  membrane  in  the 
foetus  may  be  seen  at  the  base  of  the  skull.  The  fissura  Glaseri 
is  open  widely,  and  the  processus  gracilis  of  the  malleus  Hes  in 
it.  In  aU  Mammalia  the  malleus  remains  very  small  and  becomes 
cut  off  from  the  glenoid  cavity  by  the  outgrowth  of  the  tympanic 
bone ;  but  in  burds  (see  Sep.  Ser.)  the  malleus  becomes  largely 
developed,  projects  between  the  squamous  and  tympanic  bones, 
and,  under  the  name  of  '  quadrate  bone,'  comes  to  support  and 
form  the  articulation  for  the  lower  jaw. 


SPHENOID  BONE. 
(Plates  X.  XI.) 

Constituent  Parts. — The  sphenoid  bone  is  so  called  because 
it  is  wedged  m  at  the  base  of  the  skull  between  all  the  other 
bones^of  the  cranium  (o-^??!/,  a  wedge,  slSos,  form).  As  it  not 
only  enters  into  the  formation  of  the  base  of  the  skull,  the  orbits, 
the  temples,  and  the  nasal  passages,  but  is  connected  with  aU 
the  bones  of  the  cranium,  and  many  of  those  of  the  face,  one 
cannot  be  surprised  that  it  is  a  difficult  bone  to  understand. 
Fortunately,  it  bears  a  remarkable  resemblance  to  a  bat  with  ex- 
tended wings ;  so  that  we  can  shape  our  description  accordmgly. 
It  presents,  then— 1.  A  body,  or  central  part;  2.  The  two 
greater  wings ;  3.  The  two  lesser  wings  ;  4.  The  pterygoid  pro- 
cesses, which  make  the  two  legs  of  the  bat. 

Body :  Six  Surfaces.— Commencing  with  the  body,  we  must 
examine  its  six  surfaces— a  'superior'  and  an  'inferior,'  an 
'  anterior'  and  a  '  posterior,'  and  two  '  lateral.' 

The  Superior  Surface  of  the  body  (Plate  X.  fig.  1)  comprises 
what  is  seen  of  the  body  on  the  inside  of  the  base  of  the  skull. 
There  is  a  deep  depression  in  it,  termed  the  '  pituitary  fossa,' 
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which  lodges  the  '  pituitary  '  body.^''  Another  name  given  to  it  is 
the  '  sella  turcica,'  from  its  resemblance  to  a  Turkish  saddle.  In 
front  of  it  is  an  eminence,  termed  the  '  olivary  process,'  from  its 
olive-hke  shape.  This  process  supports  the  commissure  of  the  optic 
nerve  which  makes  a  sUght  transverse  groove  (the  '  optic  groove ') 
upon  it,  leaduag  on  each  side  to  the  '  optic  foramen '  through 
which  the  nerve  enters  the  orbit.  In  front  of  the  olivary  process 
is  a  smooth  and  slightly  concave  surface,  which  supports  the 
olfactory  lobes,  and  terminates,  in  front,  in  the  middle  luie  in 
the  '  ethmoidal  spine,'  which  articulates  with  the  ethmoid  bone. 
Each  side  of  the  surface  is  more  or  less  distmctly  marked  by  a 
broad  groove  which  winds  upwards  in  a  gentle  curve,  and  lodges 
the  internal  carotid  artery  as  it  passes  through  the  '  cavernous 
sinus,  after  entering  the  skull.  In  some  bones  a  little  tubercle, 
called  the  *  middle  clinoid  process,'  rises  from  the  side  of  the 
groove.  In  some  skulls  this  tubercle  is  long  enough  to  unite  with 
the  apes  of  the  anterior  clinoid  process,  so  that  the  artery,  in 
emerging  from  the  groove,  passes  through  a  ring  of  bone.  The 
anterior  and  posterior  clinoid  processes  give  attachment  to  the 
'  tentorium  cerebelli.'  The  pituitary  fossa  is  bounded  behind  by  a 
square  plate  of  bone,  which,  as  it  represents  the  back  of  the  saddle, 
is  termed  the  '  dorsum  sellse.'  The  corners  of  the  plate  project  and 
form  what  are  caUedthe  '  posterior  clinoid  processes,'  thus  named 
from  their  fancied  resemblance  to  bedposts.  These  are  dh-ectly 
opposite  to  the  'anterior  clinoid  processes,'  of  which  we  shaU 
speak  presently.  The  posterior  surface  of  the  plate  slopes  very 
obhquely  backwards,  is  continuous  with  the  basilar  process  of 
the  occipital  bone,  and  forms  an  inclined  plane  which  supports 
the  '  pons  varolii.'  Lastly,  in  the  side  of  the  plate  there  is 
generally  a  notch  which  transmits  the  sixth  nerve. 

The  PosTEEioE  Surface  of  the  body  is  connected  with  the 
basilar  process  of  the  occipital  bone,  in  yomag  subjects  by  carti- 
lage, in  older  ones  by  bone,  so  that  after  twenty-one  or  twenty- 
two  it  is  impossible  to  separate  the  '  basilar  suture  '  without  the 
saw.  The  section  shows  well  the  structure  of  this  part  of  the 
base  of  the  skull ;  namely,  two  layers  of  compact  tissue  separated 
by  about  -f^  of  an  inch  of  cancellous,  with  a  thin  layer  of  com- 
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pact  bone  forming  the  side  walls.  Thus  the  bone  is  light,  and 
shocks  transmitted  to  the  base  of  the  skull  are  broken.  (Plate  XI. 
fig.  1.) 

Antekior  Surface. — The  anterior  surface  of  the  body  (Plate  X. 
fig.  2)  fits  the  posterior  part  of  the  ethmoid  bone.  It  presents  in 
the  middle  line  a  perpendicular  ridge  termed  the  '  sphenoidal ' 
or  '  ethmoidal  crest '  for  articulation  with  the  posterior  border  of 
the  vertical  plate  of  the  ethmoid.  It  forms  part  of  the  bony  sep- 
tum of  the  nose,  and  terminates  below  in  the  anterior  end  of  the 
'  rostrum '  for  articulation  with  the  vomer,  as  may  be  seen  in 
Plate  XXIII.  fig.  1.  On  each  side  of  this  is  a  smooth 'surface  help- 
ing to  make  the  roof  of  the  nasal  fossa.  In  the  upper  part  of 
each  of  these  smooth  surfaces  is  a  jrounded  opening  leading  into 
the  sphenoidal  sinus,  and  external  to  each  is  an  irregular  serrated 
surface  for  articulation  with  the  posterior  surface  of  the  lateral 
mass  of  the  ethmoid  and  orbital  process  of  the  palate  bone. 
The  surface  of  bone  we  have  described  on  each  side  of  the  eth- 
moidal crest  is  made  by  two  plates,  one  on  each  side,  termed  the 
'  cornua  sj)henoidalia,'  or  '  sphenoidal  turbinated  bones.'  Although 
apparently  integral  parts  of  the  sphenoid,  yet  these  little  bones 
are  formed  each  from  a  special  centre  of  ossification,  distinct 
in  early  life,  and  remain  separable  till  adult  age.  The  annexed 
drawing  (fig.  10)  shows  the  '  cornua  sphenoidalia '  removed  in  a 
perfect  state.  The  rostrum  of  the  sphenoid  would  fit  into  the 
gap  between  them.    Each  cornu  is         -u.    m  „ 

,  .         ,  .  ,  J5IG.  10.  Fig.  11. 

triangular  with  the  apex  down- 
wards. Each  completely  walls  in 
the  sj;henoidal  cell  of  its  own  side, 
except  at  the  upper  part,  where 
there  is  a  round  opening  in  the 
base  of  the  cornu  which  admits  air 
from  the  upper  meatus  of  the  nose.  ^"^^^'^  sphenoidalu. 
Fig.  11  represents  one  of  the  cornua  seen  from  the  surface 
towards  the  sphenoidal  cell.  It  shows  the  thin  scales  of  bone 
which  project  into  the  cell  and  assist  in  lining  its  walls.  However, 
it  is  right  to  state  that  these  cornua  sphenoidalia  are  rarely 
met  with  perfect.    In  consequence  of  then:  coalescence  with  the 
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sphenoid,  ethmoid,  and  laalate  bones,  they  are  generally  broken 
in  the  process  of  separation,  so  that  there  appears  in  most  sphe- 
noid bones  a  large  irregular  hole  leading  into  the  cell ;  as  shown 
on  one  side  of  Plate  X.  fig.  2.  Next  come  the  '  sphenoidal  cells  ' 
or  sinuses.  These  are  large  air-cavities  in  the  body  of  the  sphenoid, 
generally  two  in  number,  and  separated  by  a  more  or  less  com- 
plete perpendicular  partition.  (Plate  XXIII.  figs.  1  and  2.)  Like 
the  other  air-ceUs  in  the  bones  of  the  skull,  they  are  not  developed 
in  young  subjects  ;  but  in  the  adult  they  gradually  become  large 
enough  to  excavate  the  whole  body  of  the  bone.  The  air  is 
admitted  freely  into  them  from  the  upper  meatus  of  the  nose 
through  an  opening  in  the  front  wall  of  each  sinus  ;  and  they  are 
hned  with  a  prolongation  from  the  nasal  mucous  membrane.  This 
communication  of  the  sphenoidal  cells  with  the  nasal  cavities 
explains  how  bleeding  from  the  nose  ma,y  occur  as  a  symptom 
of  fracture  through  the  base  of  the  skull — that  is,  through  the 
body  of  the  sphenoid.  Lastly,  the  sides  of  the  anterior  surface 
of  the  body  are  hollowed  out  into  two  or  three  small  an-ceUs,  one 
below  the  other.  (Plate  X.  fig.  2.)  Of  these,  the  upper,  one  or 
more,  are  roofed  by  the  posterior  ceUs  of  the  lateral  mass  of  the 
ethmoid ;  and  the  lower  by  the  cell  or  cells  in  the  orbital  process 
of  the  palate  bone. 

The  Infeeior  Surface  of  the  body  (Plate  XL  fig.  1)  assists  in 
forming  the  roof  of  the  nasal  fossa ;  and  the  posterior  part  of 
the  surface,  continuous  with  the  '  basilar  surface  '  of  the  occipital 
bone,  looks  towards  the  upper  part  of  the  pharynx,  and  may 
therefore  be  called  the  '  pharyngeal  surface.'  In  the  middle  line 
we  see  the  '  rostrum  '  promment  anteriorly  where  it  is  continuous 
with  the  ethmoidal  crest,  but  fading  away  posteriorly.  Observe 
that  it  is  expanded  a  little  towards  its  base,  and  that  it  articulates 
with  the  upper  border  of  the  vomer.  The  mode  of  connection 
is  rather  siiigular.  The  rostrum  fits  into  a  deep  cleft  between 
the  two  plates  or  '  wings  '  of  the  vomer,  and  thus  serves  as  a 
foundation  from  which  this  bone  passes  forwards  and  forms  the 
septum  of  the  nose.  But  the  chief  thing  to  notice  on  this  surface 
is  a  process  or  scale  of  bone  which  projects  horizontally  inwards, 
on  each  side,  from  the  base  of  the  internal  pterygoid  plate.  These 
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are  termed  the  '  vaginal  plates/  and  their  free  edges  rise  enough 
to  allow  the  alie  or  wings  of  the  vomer  to  slide  underneath  them. 
Lastly,  each  of  these  plates  is  traversed  by  a  small  groove,  made 
into  a  canal  by  the  adjacent  al£e  of  the  vomer  and  the  sphenoidal 
processes  of  the  palate,  and  termed  the  '  ptery go-palatine  groove, ' 
and  in  the  completed  state  '  canal,'  for  the  passage  of  the  pterygo- 
palatine vessels  and  nerve. 

Lateral  Surfaces  support  at  their  anterior  and  superior  angles 
the  '  lesser  wings,'  each  by  two  roots  with  the  '  optic  foramen  ' 
between,  and  at  their  posterior  and  inferior  angles  the  common 
roots  of  the  '  greater  wings  '  and  '  pterygoid  processes.'  Between 
the  lesser  and  gi-eater  whigs,  on  each  lateral  sm^face,  we  have  the 
smooth  base  of  the  '  sphenoidal  fissure,'  and  at  the  line  of  junction 
of  the  lateral  surface  with  the  upper  surface  of  the  body  we  have 
the  groove  for  the  cavernous  sinus  already  described. 

Lesser  Wing-s. — The  lesser  wings  (or  orbito-sphenoids)  pro- 
ject transversely  from  the  upper  part  of  each  side  of  the  body. 
(Plate  X.  fig.  1.)  Their  Upper  Surface  is  smooth  and  flat,  and 
supports  the  frontal  lobe  of  the  brain ;  their  Lower  Surface,  also 
smooth,  overhangs  the  sphenoidal  fissure,  and  forms  the  back 
part  of  the  roof  of  the  orbit ;  hence  they  are  sometimes  called 
the  '  orbital  wings.'  Then-  Anterior  borders  are  serrated,  and 
articulate  with  the  orbital  plates  of  the  frontal  bone;  their 
Posterior  borders  are  free,  and  m  hfe  fit  into  the  fissure  of 
Syh-ius.  Their  bases  are  traversed  by  the  'optic  foramma,' 
through  which  pass  the  optic  nerves  and  ophthalmic  arteries 
into  the  orbit,  and  to  the  ch-cumferences  of  which,  anteriorly, 
muscles  are  attached  as  shown  in  Plate  X.  fig,  3.  The  optic 
'  foramen  '  should  be  described  rather  as  a  short  '  canal '  du-ected 
outwards  and  forwards.  Towards  the  '  sella  turcica '  each  wing 
projects,  considerably,  in  the  form  of  a  blunt  angle,  termed  the 
'  anterior  clinoid  process ; '  and  between  this  and  the  body  of 
the  sphenoid  there  is  either  a  deep  notch  or  a  complete  ring  for 
the  intf^rnal  carotid  artery. 

areater  wings.— The  greater  wings,  sometimes  called  the 
'  temi,oral  wings  '  or  '  alispheiioids,'  project  from  the  lower  and 
back  part  of  each  side  of  the  body  in  common  with  the  '  pterygoid 
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processes.'  Starting  from  the  body,  each  great  wing  runs  nearly 
horizontally  outwards  and  then  somewhat  suddenly  bends  up- 
wards. It  also  extends  back  as  a  sharp  projection  called  the 
'  spme  of  the  sphenoid,'  which  fits  into  the  retiring  angle  between 
the  squamous  and  petrous  portions  of  tbe  temporal,  and  gives 
attachment  inferiorly  to  the  internal  lateral  Hgamerit  of  the 
lower  jaw,  the  '  tensor  palati '  and  '  tensor  tympani '  muscles. 
Each  wing  presents  three  surfaces,  viz. :  Superior  or  Intra- 
CRANiAii,  Inferior  or  Extra-cranial,  and  Anterior  or  Orbital. 

The  Superior  or  Intra-cranial  Surface  is  concave  in  every 
direction,  and  presents  a  number  of  well-marked  eminences  with 
intei'vening  depressions  for  the  sulci  and  convolutions  of  the 
temporo-sphenoidal  lobe  of  the  brain.  It  is  marked,  also,  by 
grooves  for  meningeal  arteries,  especially  superiorly  and  inferior^. 
We  may  sometimes  see  on  the  surface,  in  the  neighbourhood  of 
the  sphenoidal  fissure,  and  of  the  root  of  the  wing,  a  few  pits 
for  Pacchionian  bodies.  Situated  in  a  line,  runnuag  forwards 
and  inwards  from  the  spinous  process  to  the  mner  end  of  the 
sphenoidal  fissure,  are  a  number  of  foramina.  Firstly,  piercing 
the  spinous  process  is  the  '  foramen  spinosum '  for  the  passage 
of  the  '  middle  meningeal  artery.'  This  foramen  will  just  admit 
the  blunt  end  of  an  ordinary  surgical  probe.  Secondly,  we  see 
the  '  foramen  ovale '  with  the  long  axis  of  the  oval  directed  for- 
wards and  inwards,  and  measuring  about  a  quarter  of  an  inch  hi 
this  axis.  This  hole  transmits  the  third  division  of  the  fifth  nerve, 
the  small  meningeal  artery,  and  two  or  three  emissary  veins 
carrying  blood  from  the  cavernous  sinus  to  the  venous  plexus 
situated  outside  the  skull  m  this  neighbourhood.  Thirdly,  we 
find  usually  one  or  more  small  holes,  named  the  '  foramen '  or 
'  foramina  of  Vesalius,'  opening  inferiorly  into  the  '  scaphoid  '  or 
the  '  pterygoid  fossa  '  or  into  both,  and  carrying  emissary  vems 
also.  Lastly,  we  see  the  'foramen  rotundum,'  more  a  canal 
than  a  foramen,  running  forwards  and  outwards  to  open  into 
the  spheno-maxillary  fossa.  This  foramen  transmits  the  second 
division  of  the  fifth  nerve,  otherwise  called  the  'superior 
maxillary '  nerve. 

The  Inferior  or  Extra-oranial  Surface  is  divided  into  an 
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upper  or  more  or  less  vertical  part,  and  a  lower  or  more  or  less 
horizontal  portion,  by  an  antero-posterior  ridge  known  as  the 
4nfra-temporal  crest,'  'pterygoid  crest,'  or  'horizontal  ridge 
upon  the  gi-eat  wing  of  the  sphenoid.'  The  part  above  the  crest 
is  slightly  concave  in  every  direction,  and  helps  to  form  the 
'temporal  fossa;'  the  part  below  is  also  slightly  concave,  and 
helps  to  form  the  '  zygomatic  fossa,'  and  gives  attachment  to 
the  '  external  pterygoid  '  muscle.  Internally,  the  lower  part  of 
the  extra-cranial  surface  shows  the  inferior  aspects  of  the  '  fora- 
men si^inosum '  and  '  foramen  ovale.' 

The  Antekior  or  Orbital  Surface  is  a  smooth,  nearly  flat, 
quadrilateral  plate,  looking  forwards  and  mwards,  and  forming 
more  than  half  of  the  outer  waU  of  the  orbit.  (Plate  XVI.  fig.  2.) 
It  shows  a  few  smooth  grooves  for  vessels,  especiaUy  one  near  its 
inner  side,  which  runs  upwards  and  is  continuous,  over  the  upper 
border  of  the  plate,  with  one  of  the  deeper  meningeal  grooves, 
described  as  lying  upon  the  upper  part  of  the  intra-cranial  surface! 
Of  the  four  borders  of  the  plate,  notice  that  the  anterior  or 
external  slopes  downwards  and  a  little  forwards,  and  is  sharp 
and  serrated  for  articulation  with  the  orbital  plate  of  the  malar. 
The  internal  or  posterior  is  continuous  with  the  front  of  the 
common  origin  of  the  great  wing  and  pterygoid  process.  The 
inferior  is  smooth,  concave,  and  rather  rounded,  to  make  the 
upper  margin  of  the  '  spheno-maxiUary  fissure.'    The  superior 
IS  rough  and  serrated  in  its  outer  half  for  articulation  with  the' 
frontal,  and  in  its  inner  is  smooth,  sharp,  and  slopes  downwards 
backwards,  and  inwards  to  form  the  lower  boundary  of  the 
'  sphenoidal  fissure.'    As  the  smooth  part  joins  the  rough  part 
this  border  shows  the  notch  for  the  vessel  already  mentioned  and 
about  the  middle  of  the  smooth  portion,  in  well-marked  bones' 
a  slight  projection  for  the  outer  head  of  the  'external  rectus' 
muscle  is  seen. 

As  to  the  rest  of  the  circumference  of  the  greater  wing- 
Its  upper  part  is  thin,  sharp,  bevelled  at  the  expense  of  the 
internal  surface,  and  articulates  with,  or  rather  is  applied  to 
the  outer  aspect  of  the  anterior  inferior  angle  of  the  parietal' 
Between  the  upper  part  and  the  spinous  process  the  circum- 
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ference  is  concave  from  above  downwards,  thin  and  bevelled  at 
the  expense  of  the  outer  surface  above,  thick  and  serrated  and 
bevelled  at  the  expense  of  the  intra-cranial  surface  below,  for 
articulation  with  the  squamous  portion  of  the  temporal.  Between 
the  spinous  process  and  the  root  of  the  wing  the  border  runs 
nearly  dkectly  forwards  and  inwards ;  externally  this  part  of 
the  cu'cumference  is  slightly  serrated  for  articulation  with  the 
anterior  border  of  the  petrous  portion  of  the  temporal,  while  in- 
ternally it  is  non-articular  and  makes  the  front  of  the  '  foramen 
lacerum  medium.'  Just  as  this  part  of  the  border  joins  the  back 
of  the  root  of  the  wing  we  notice  that  a  process  of  bone  projects 
backwards  and  outwards,  for  a  variable  distance,  into  the  '  fora- 
men lacerum  medium,'  dividing  it  into  a  very  much  smaller 
outer  part  for  the  large  superficial  petrosal  nerve,  and  a  larger 
internal  portion  for  the  internal  carotid  artery.  This  process  of 
bone  is  named  the  '  lingula  sphenoidahs.'  Immediately  below 
the  lingula  we  have  the  posterior  end  of  the  '  Vidian  canal,'  for 
the  Vidian  nerve. 

Sphenoidal  Fissures  Each  greater  wing  is  separated  from 

the  lesser  one  by  a  fissure,  termed  the  '  sphenoidal  fissure,'  which 
has  its  long  axis  running  upwards,  outwards,  and  forwards, 
and  is  very  much  wider  at  its  lower  than  at  its  upper  end.  The 
upper  end  is  completed  by  a  little  piece  of  the  frontal,  and  the 
fissure  transmits  nerves  to  the  eye  and  its  appendages.  It  gives 
passage  to  the  third  and  fourth  nerves,  to  the  first  or  ophthalmic 
branch  of  the  fifth,  the  sixth,  a  few  filaments  of  the  sympathetic 
nerve,  and  also  to  the  ophthalmic  vein. 

Pteryg-oid  Processes. — The  '  pterygoid  processes  '  descend 
nearly  perpendicularly  from  the  under  part  of  the  bone,  one  on 
either  side,  and  act  as  buttresses  which  support  the  upper  jaw 
bones.  Each  process  consists  of  two  parts,  termed  the  '  mternal ' 
and  '  external  pterygoid '  plates.  These  are  united  in  front,  but 
diverge  from  one  another  behind,  formmg  a  deep  mterval  called 
the  'pterygoid  fossa."  At  its  lower  part  the  'pterygoid  fossa' 
presents  a  deep  notch,  which  in  the  complete  skull  is  filled  up  by 
the  tuberosity  of  the  palate  bone.  The  external  plate  is  broader 
than  the  internal,  slopes  outwards  on  its  way  backwards,  and 
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gives  origin  to  the  '  pterygoideus  externus '  and  the  '  ptery- 
goideiis  internus '  muscles  on  its  external  and  internal  surfaces 
respectively.    Its  outer  surface  also  forms  part  of  the  floor  of 
the  zygomatic  fossa.    Eespecting  the  internal  pterygoid  plate, 
observe  that  it  forms  the  lateral  and  part  of  the  superior 
boundary  of  the  posterior  opening  of  the  nose,  and  that  it  has  a 
crescent-shaped  margin  above,  leavmg  room  for  the  cartilage  of 
the  Eustachian  tube.    At  the  root  of  the  posterior  border  of  this 
plate  is  a  shallow  groove  called  the  '  scaphoid  fossa,'  which  gives 
origin  to  the  '  tensor  palati '  muscle,  the  tendon  of  which  plays 
round  a  notch  on  the  '  hamular '  process  projecting  backwards 
and  outwards  from  the  lower  end  of  the  internal  pterygoid  plate. 
The  hamular  process  gives  attachment  to  the  pterygo-maxillary 
hgament.    Behind  the  last  molar  tooth  we  can  distinctly  feel 
this  hamular  process.    Lastly,  at  the  base  of  the  internal 
pterygoid  plate,  we  see  the  posterior  end  of  the  '  Vidian  canal ' 
for  the  artery  and  nerve  of  the  same  name.    The  lower  third  of 
the  posterior  border  of  the  internal  pterygoid  plate  gives 
attachment  to  the  '  superior  constrictor  of  the  pharynx.'  Look 
now  at  the  anterior  aspect  of  the  pterygoid  process,  and  observe 
a  plate  of  bone  standing  off  like  a  side  buttress  connecting  it 
with  the  gi-eater  wing.    The  plane  of  this  plate  nearly  corre- 
sponds in  du-ection  with  that  of  the  orbital  plate  of  the  great 
wing.     In  then-  upper  two-thirds  the  external  and  internal 
pterygoid  plates  are  united  anteriorly  and  form  a  smooth  sm-face 
which  constitutes  the  posterior  wall  of  a  deep  fossa,  termed 
the  '  spheno-maxillary,'  which,  in  the  perfect  skull,  intervenes 
between  the  sphenoid  and  superior  maxillary  bones.    At  the 
upper  extremity  of  this  surface  we  see  the  anterior  openmg  of 
the  *  Vidian  canal '  lying  below  and  mside  the  anterior  aspect  of 
the  '  foramen  rotundum.'    In  the  lower  third  the  external  and 
internal  pterygoid  plates  diverge  from  one  another ;  their  anterior 
borders  show  serrated  articular  margins,  convex  from  above 
downwards  for  articulation  with  correspondingly  serrated  grooves 
upon  the  '  tuberosity  '  of  the  palate  bone. 

Connectlona.—The  sphenoid  is  connected  with  twelve  bones, 
including  all  those  of  the  cranium  and  five  of  the  face.  The  '  body  ' 
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is  coniiected  behind  with  the  occipital  bong  by  the  basilar  suture ; 
in  front  with  the  ethmoid  bone,  the  two  palate  bones,  and  the 
vomer.  The  '  lesser  wing  '  is  connected  to  the  orbital  plate  of  the 
frontal  bone  :  the  '  greater  wmg '  is  connected  to  the  orbital  plate 
of  the  frontal  by  a  rugged  surface  of  considerable  extent,  to  the 
anterior  inferior  angle  of  the  parietal  bone,  to  the  squamous  and 
petrous  parts  of  the  temporal  bone;  and  to  the  malar  bone. 
Lastly,  the  pterygoid  processes  are  connected  with  the  palate 
bones. 

Ossification. — In  the  early  foetus  the  sphenoid  consists  of 
several  parts.  Its  centres  of  ossification  appear  in  the  base  ui 
the  following  way.  (1)  The  iwesplienoicl,  consisting  of  the  part 
of  the  body  in  front  of  the  olivary  eminence,  and  the  lesser 
wings,  is  developed  from  two  nuclei  appearing  outside  the  optic 
foramma  and  extending  outwards  so  as  to  form  the  orbito- 
sphenoids  or  lesser  wings.  These  nuclei  ajDpear  about  the 
eighth  or  nmth  week,  and  join  the  hasisplicnoid  or  back  part  of 
the  body  about  the  seventh  or  eighth  month.  (2)  The  ali- 
splienoids,  consisting  of  the  greater  wings  with  the  external 
pterygoid  plates,  are  developed  from  nuclei  which  appear,  one  on 
each  side,  between  the  foramen  rotundum  and  the  foramen 
ovale  about  the  eighth  or  ninth  week,  and  join  the  body  of  the 
bone  in  the  first  year.  (3)  The  lasisphenoicl  or  back  part  of  the 
body  is  formed  from  two  nuclei  which  appear,  one  on  each 
side  of  the  middle  line,  m  the  sella  turcica  about  the  eighth  or 
ninth  week,  and  which  join  one  another  about  the  fourth  month, 
and  the  presphenoid  part  about  the  seventh  or  eighth  month. 
(4)  The  hasitemporals  or  parts  forming  the  lingulte  grow  from  two 
centres  which  appear  just  after  the  basisphenoids  have  joined 
one  another,  and  which  become  connected  with  the  basisphenoid 
part  about  the  fifth  month.  (5)  The  internal  pterygoid  2)i(ttcs  are 
developed  from  ossific  nuclei  deposited  in  membrane,  appearing 
in  the  fourth  month,  and  joining  the  external  pterygoid  plates 
in  the  fifth  or  sixth. 

The  sjihenoidal  titrhinated  hones  begin  to  be  formed  afterbirth, 
and  join  the  body  of  the  bone  at  puberty. 

Comparative  Osteolog-y. — The  top  of  the  great  wing  of  the 
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sphenoid,  passing  up  between  the  frontal  and  temporal  bones, 
articulates  with  the  anterior  inferior  angle  of  the  parietal  bone. 
The  union  of  these  two  bones  separates  the  temporal  from  the 
frontal.  In  those  types  of  men  wh^re  the  forehead  slopes  back- 
wards, these  bones  approximate,  and  in  some  cases  actually 
articulate  with  each  other.  (Nor.  Hum.  Ost.,  Nos.  1159/1160, 
1161,  and  1146.)  The  size  and  strength  of  the  external  pterygoid 
plate  bear  a  direct  relation  to  the  development'  of  the  pterygoid 
muscles  which  cause  the  grinding  movements  of  mastication  ; 
consequently,  it  is  highly  developed  in  ruminants,  (see  skulls  of 
the  deer  and  ox). 

In  old  skulls  the  sphenoidal  cells  often  extend  into  part  of  the 
basilar  i^rocess  of  the  occipital  bone.  In  the  chimpanzee  the 
sphenoidal  cells  extend  far  into  the  alisphenoid  and  pterygoid 
bones. 


THE    ETHMOID  BONE. 
(Plate  XI.  figs.  2  and  3.) 


Constituent  Parts—This  remarkably  Hght  and  spongy  bone 
contams  the  organ  of  smell.  It  occupies  the  interval  between  the 
orbital  plates  of  the  frontal  bone,  and  enters  into  the  formation 
of  the  cranmm,  the  orbit,  and  the  nose.  It  appears,  at  first  si^ht 
comphcated;  but  it  is  simple  when  one  understands  its  plan' 
It  consists  of  a  'horizontal  plate,'  which  forms  part  of  the  base 
of  the  skull ;  of  a  central  '  perpendicular  plate,'  which  forms  part 
of  the  septum  of  the  nose ;  and  of  two  '  lateral  masses  '  contain- 
ing the  air-cells.    Each  of  these  must  be  examined  separately 

Horizontal  or  Cribriform  Plate.-The  horizontal  plate  fits 
mto  the  '  notch  between  the  orbital  plates  of  the  frontal  bone 
and  completes  the  anterior  fossa  of  the  base  of  the  skull.  (Plate 
XIX.)  It  IS  called  the  '  cribriform  plate '  (cnhnnn,  .)ea6.  a 
sieve),  because  it  is  perforated  by  holes  for  the  passage  of  L 
olfactory  nerves.  High  above  it  rises  a  crest  of  bone,  termed 
from  Its  resemblance  to  a  cock's  comb,  the  '  crista  r^alli '  This' 
which  IS  a  continuation  of  the  perpendicular  i>ktte,  gradmiUy  rises 
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from  behind,  swells  out  as  it  proceeds,  and,  stopping  suddenly 
short,  presents  two  broken  edges,  with  a  groove  between  them, 
for  articulation  with  the  frontal  bone.  The  groove  contributes 
to  form  the  '  foramen  cscum.' 

The  'crista  galli'  serves  for  the  attachment  of  the  falx 
cerebri.  It  varies  in  size,  and  has  often  a  slight  lateral  inclma- 
tion.  Sometimes  it  contauas  an  air-cell.  On  each  side  of  the 
fore  part  of  the  crista  galli  is  a  long  '  slit,'  or  rather  a  hole,  for  the 
passage  of  the  nasal  nerve  (a  branch  of  the  first  division  of  the  fifth 
cranial  nerve),  which  confers  common  sensation  to  the  mucous 
membrane  as  well  as  the  skua  of  the  nose.  The  cribriform  plate 
does  not  come  up  to  the  level  of  the  lateral  masses,  but  lies  at 
the  bottom  of  a  deep  groove  ('  olfactory  groove  '),  which,  being 
divided  by  the  crista  galli  in  the  middle,  forms  in  the  perfect  skull 
two  recesses  which  lodge  and  support  the  olfactory  bulbs  of  the 
bram.  The  foramina  at  the  bottom  are  arranged  on  each  side 
in  two  somewhat  irregular  rows — an  inner  and  an  outer.  Pass 
bristles  down  these  holes,  and  you  wiU  find  that  the  inner  lead  into 
olfactory  grooves  upon  the  upper  part  of  the  perpendicular  plate, 
and  the  outer  into  grooves  upon  the  inner  surface  of  the  superior 
and  middle  turbinated  parts  of  the  bone.  By  some  anatomists 
a  third  set  are  situated  midway  between  these  two  rows,  simply 
passing  through  the  cribriform  plate  and  ramifying  upon  its  under 
surface.  These  foramina  and  grooves  lodge  corresponding  sets  of 
olfactory  nerves. 

Perpendicular  Plate. — This  plate  descends  from  the  cribri- 
form plate  and  assists  in  forming  the  septum  of  the  nose.  Notice 
the  numerous  grooves  and  perhaps  minute  canals  in  its  upper 
third  for  the  passage  of  the  olfactory  nerves.  Its  connections 
are  well  shown  in  Plate  XXIII.  fig.^l.  Behind,  it  is  connected 
along  a  sloping  line  with  the  ethmoidal  crest  of  the  sphenoid. 
Below,  running  downwards  and  forwards,  it  is  very  irregular  for 
articulation  with  the  vomer.  In  front  it  is  divided  into  an  upper 
and  a  lower  part.  The  upper  is  the  shorter,  concave  upwards 
and  forwards,  and  shows  a  somewhat  rough  antero-posterior 
groove  for  articulation  with  the  nasal  spine  of  the  frontal.  The 
lower  is  the  longer,  slopes  somewhat'  irregularly  downwards  and 
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.  Fig.  12. 


l)ack"svards,  and  has  two  sharp  edges  with  a  rough  intervening 
groove  for  the  reception  of  the  cartilage  of  the  sej)tum  of  the 
nose. 

Ziateral  Masses. — The  lateral  masses  of  the  ethmoid  (fig.  12) 
are  made  ui)  of  irregular  air  cells,  surrounded  by  paper-like  walls 
of  bone,  lined  by  mucous  membrane  contmuous  with  that  of  the 
nose.  Each  lateral  mass  is  suspended  from  the  outer  side  of  the 
horizontal  plate,  and  when  viewed  as  a  whole  forms  a  cubical 
figure  with  its  concomitant  six  surfaces. 

The  vjjj^er  surface  shows  a  number  of  incomplete  cells  roofed 
in  by  corresponding  incomplete  cells  in  the  orbital  plate  of  the 
frontal.  The  sm-face  be- 
tween the  cells  is  irregular 
and  rough  for  articulation 
with  the  frontal,  and  in  it 
we  notice  two  parallel  trans- 
verse grooves,  one  in  front 
of  the  other,  converted  into 
canals  in  the  united  skull 
by  the  corresponding  grooves 
on  the  orbital  plate  of  the 
frontal,  and  thereby  forming 
the  'anterior  and  posterior 
ethmoidal  canals.'  The  an- 
terior transmits  the  nasal 
nerve  and  the  anterior  ethmoidal  vessels ;  the  posterior  gives 
passage  to  the  posterior  ethmoidal  vessels. 

The  anterior  surface  shows  several  half-cells  completed  mostly 
by  the  lachrymal,  and  slightly  at  the  upper  end  by  the  nasal  pro- 
cess of  the  superior  maxillary. 

The  posterior  suTface  of  the  lateral  mass  is  irregular  and  rough 
for  articulation  with  the  front  of  the  body  of  the  sphenoid  and 
with  the  sphenoidal  turbinated  bone.  It  shows  several  irregular 
apertures  leading  into  the  posterior  ethmoidal  cells,  communi- 
cating with  the  sphenoidal  cells,  and  partly  closed  over  by  the 
sphenoidal  turbinated  bone. 

The  inferior  surface  is  very  irregular,  rough,  and  uneven,  and 
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articulates  in  front  with  the  orbital  plate  of  the  superior  maxil- 
lary, and  behind  with  the  orbital  process  of  the  palate  bone. 
From  the  anterior  part  of  the  lower  surface  of  the  lateral  mass 
an  irregular  plate  of  bone  extends  downwards  and  backwards, 
and  terminates  in  a  kind  of  hook ;  hence  it  is  called  the  '  unci- 
form process.'  By  referring  to  the  inferior  spongy  bone  it  is 
seen  that  this  process  is  connected  with  the  inferior  turbinated 
bone,  and  with  the  thin  wall  of  the  antrum  of  the  superior 
maxillary  bone ;  it  chiefly  assists  in  narrowing  the  orifice  of  this 
great  air-cavity.     :  v  " 

On  the  oute7-  surface  of  each  lateral  mass  the  cells  are  closed 
by  a  smooth  and  four-sided  plate  of  bone,  termed  the  '  os 
planum,'  belonging  entirely  to  the  ethmoid.  This  plate  forins  a 
large  share  of  the  inner  wall  of  the  orbit  (Plate  XXII.),  where 
it  is  easy  to  learn  its  connections  with  the  sm-rounding  bones, 
by  tracing  the  sutures  between  them.  Its  upper  border  articu- 
lates with  the  frontal,  its  lower  with  the  superior  maxillary  and 
palate,  its  anterior  with  the  lachrymal,  and  its  posterior  with 
the  sphenoid.  Lastly,  notice  the  two  notches  on  its  upper 
border,  which,  with  the  frontal,  form  the  '  anterior  and  posterior 
ethmoidal  foramina,'  leading  into  the  canals  of  the  same  names. 

Turbinated  Bones  and  Meatus.— On  the  inner  aspect  of  the 
la'fceral  mass  we  observe  two  thin  plates  of  bone  standing  out,  one 
below  the  other,  and  slightly  curled,  like  a  turbinated  shell. 

These  are  the  '  turbinated  '  or  '  spongy  '  bones  of  the  ethmoid 
(Plate  XI.  fig.  3),  and  can  be'  properly  seen  only  in  a  divided 
skull.  The  '  superior '.  is  the  smaher  of  the  two,  and  does  not 
reach  so  far  forward  as  the  other,  which  is  called  the  '  middle,' 
because  there  is  a  "third  or  '  inferior  turbinated  '  bone,  stiU  lower 
down  in  the  nose  ;  but  this  does  not  belong  to  the  ethmoid.  The 
middle'turbihated  bone  articulates  with  the  '  superior  turbinated 
crest '"of  the  superior  maxillary.  Now  the  spaces  left  between 
these  turbinated  bones  aiad.the  lateral  masses  are  called  respec- 
tively the  superior  and  hiiddie  '  meatus,'  or  passages  of  the  nose. 
Each  'is  distinct  'from  the  other,  and  leads  to  its  omi  particular 
cavities,  and  to  no  other.  The  supenar  meatus  being  farther  back 
than 'the  midclle,  le'ads  into 'the  sp/^eiJoirffl'Z  ceZis,  and  irito  the  };()«- 
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terio'r  ethvioidul  cells.  The  middle  meatus  leads  into  the  anterior 
ethmoidal  cells,  and  also  to  the  frontal  sinus,  along  a  funnel- 
shaped  canal  ('  mfiuidihuluni ')  which  traverses  the  foremost  of 
the  ethmoidal.  (Plate  XXIII.  fig.  2.)  The  middle  tm-hinated 
bone  articulates  with  the  superior  turbinated  crest  of  the  upper 
maxillary. 

Connections. — The  ethmoid  is  connected  with  the  following 
bones— namely,  behind  with  the  sphenoid  (including  the  sphen- 
oidal turbinated  bones) ;  above  with  the  frontal ;  below  with  the 
two  superior  maxillary  and  two  palate  bones  ;  in  front  with  the 
two  lachrymal  bones.  The  perpendicular  plate  is  connected 
behind  with  the  sphenoid,  below  with  the  vomer,  and  in  front, 
with  the  nasal  spine  of  the  frontal.  Lastly,  the  unciform  process 
on  each  side  is  connected  with  the  inferior  spongy  bone  and  the 
superior  maxillary. 

Ossification — Until  the  middle  of  foetal  life  the  ethmoid  is  all 
cartilage.  Ossification  begins  about  the  fourth  or  fifth  month, 
from  a  centre  for  each  of  the  lateral  parts,  and  gradually  extends 
into  the  two  upper  turbinated  bones  (ethmo-turbinals).  Within 
a  year  after  birth  another  centre  appears  for  perpendicular  and 
ci-ibriform  plates.  In  the  foetus  at  birth  there  are  no  ethmoidal 
cells :  these  are  not  formed  until  the  fifth  year. 

Comparative  Osteolog-y.— In  man  the  rule  is  that  there  are 
three  turbmated  bones  on  each  side  ;  sometimes  there  is  a  fourth, 
smaUer  than  the  rest,  and  higher  up  at  the  back  part.  This 
fourth  bone  is  more  frequently  met  with  in  some  coloured  races 
where  the  sense  of  smell  is  notoriously  acute. 
•  The  curled  plates  of  the  turbinated  bones  are  covered  by  a 
yerj-  vascular  membrane.  The  upper  ones  afford  an  extensive 
surface  upon  which  the  olfactory  nerves  are  distributed  after  their 
passage  through  :he  cribriform  plate.  By  the  variation  of  the 
extent  of  surface  o  these  bones  it  will  be  seen  that  the  acuteuess 
of  the  sense  of  smell  and  the  capability  of  warming  the  air  on 
its  way  through  the  nose  to  the  lungs  are  regulated. 

The  sense  of  smell  is  remarkably  keen  in  the  deer  tribe  auu 
eamivora,  and  their  spongy  l^ones  are  developed  in  proportion.  It 
is  cnriouH  that  they  should  both  in  a  moasuro  depend  for  a  living 
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upon  the  development  of  the  same  sense,  the  one  to  avoid  its 
enemies,  and  the  other  to  find  its  prey. 

The  spongy  bones  on  which  the  nerves  of  smeU  are  distributed, 
and  those  which  are  only  covered  by  a  vascular  membrane,  are 
Avidely  differentiated  in  their  conformation  in  the  lower  animals. 
In  the  seal,  for  instance  (Nos.  1064),  which  inhabits  the  arctic 
regions  and  necessarily  breathes  intensely  cold  air,  the  inferior 
spongy  bones  subdivide  into  a  multitude  of  plates  and  afford  a 
vast  surface  on  which  is  distributed  a  profusion  of  blood-A'essels 
which  warm  the  air  before  entering  the  lungs.  The  surface  of 
these  bones  has  been  estimated  at  about  120  square  inches  in 
each  nostril ;  a  longitudmal  section  of  such  a  nostril  has  the  ap- 
pearance of  being  completely  plugged  by  the  convoluted  warming 
plates  of  the  lower  spongy  bone ;  while  those  on  which  the  olfac- 
tory nerves  are  distributed  have  a  different  form  and  are  farther 
back  and  separated  by  a  slight  interval  from  the  others. 

There  is  no  ethmoid  bone  in  serpents,  but  the  olfactory 
filaments  are  spread  out  on  a  plicated  mucous  membrane. 


WOEMIAN  BONES.  '  ■ 

These  are  irregular  pieces  of  bone,  formed  by  separate  centres 
of  ossification  and  deposited  frequently  in  the  sutures  between 
some  of  the  cranial  bones ;  hence  they  are  sometimes  termed 
'  ossa  suturarum.'  We  notice  them  as  occurring  most  often  in  the 
lambdoidal  and  sagittal  sutures.  In  the  lambdoidal  suture  the 
superior  angle  of  the  occipital  may  be  formed  by  one  large  or 
several  small  Wormian  bones.  Again,  we  may  find  several  small 
ones  lying  in  the  lateral  parts  of  the  lambdoidal  suture.  The 
posterior  inferior  angle  of  the  parietal  may  be  formed  by  one. 
In  the  sagittal  suture  one,  two,  three,  or  more  may  occur. 
Occasionally  one  may  be  present  in  the  anterior  fontanelle 
forming  the  antero-superior  angle  of  the  parietal.  Frequently 
a  thin  lamina  termed  the  '  epiteric  bone '  is  present  between  the 
antero-icferior  angle  of  the  parietal  and  the  great  wing  of  the 
sphenoid.    Barely  we  get  a  little  one  lying  in  the  lesser  wing  of 
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the  sphenoid,  and  one  or  more  very  small  ones  in  the  suture 
between  the  sphenoid  and  ethmoid  bones.  These  are  the  chief 
seats  of  the  '  ossa  suturarum.'  They  may  be  found  in  the  other 
sutures,  although  much  less  frequently. 

Ossification  commences  in  these  Wormian  bones  some  time 
during  the  first  year  after  birth.  When  we  look  at  an  adult 
skull  and  see  such  irregular  pieces  of  bone,  we  must  not 
■conclude  that  these  constitute  the  exact  number  which  we  might 
have  observed  had  we  been  able  to  look  at  the  same  skull  a  year 
or  so  after  birth,  because  some  of  these  Wormian  bones  may 
appear  and  very  soon  afterwards  form  the  bones  of  the  skull 
they  are  nearest  to,  leaving  no  trace  of  the  original  separation 
in  the  fully  formed  state.  To  offer  an  explanation  of  the  occur- 
rence of  these  '  suture  bones '  is  somewhat  difficult.  Professor 
Humphry  says,  in  his  work  on  '  The  Human  Skeleton : '  '  They 
are  evidently  stop-gaps  developed  in  the  membranous  covering  of 
the  brain  when  the  extension  of  the  regular  osseous  nuclei  is 
likely,  for  some  reason,  to  be  insufficient  to  cover-in  the  cranial 
cavity.'  This  explanation  is  borne  out  by  what  we  see  in  certain 
•diseased  states  of  the  skull,  such  as  in  Eickets  and  Hydro- 
cephalus. 
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BONES  OF  THE  FACE. 

Theee  are  fourteen  bones  of  the  face— namely,  the  two  superior' 
maxillary,  the  two  malar,  the  two  nasal,  the  two  lachrymal,  the 
two  inferior  spongy,  the  two  palate,  the  vomer,  and  the  inferior 
maxilla.  ■ 


SUPEEIOE  :  MAX'ILLAEY  BONE. 
(PlATB  XII.) 

Constituent  Parts.— This  bone  gives  much  character  to  the 
human  face,  and  forms  the  greater  part  of  its  fi-amework.  It  is 
exceedingly  irregular  in  shape,  and,  besides  forming  sockets  for 
the  teeth,  enters  into  the  composition  of  the  nose,  the  orbit,  the' 
cheek,  and  the  palate.  For  convenience  of  description,  we  divide 
it  into  a 'body,' which  is  hollowed  out  into  a  large  air-cavitj^ 
called  the  '  antrum  of  Highmore,'  and  four  outstanding  '  processes ' 
— namely,  the  'alveolar,'  which  holds  the  teeth;  the  'palatine,' 
which  forms  part  of  the  hard  palate ;  the  '  nasal,'  which  assists  in 
forming  the' nose;  and  the  'malar,'  which  helps  to  form  the 
prominence  of  the  cheek. 

Body. — Let  us  take  the  '  body  '  first  and  learn  its  various 
relations  well,  for  it  is  a  part  of  great  surgical  interest,  being 
liable  to  many  diseases  requiring  surgical  operations.  The  first 
thing  to  notice  is  that  it  is  pyramidal  in  shape.  The  base  of  the 
pyramid  looks  inwards  and  helps  to  form  the  cavities  of  the 
nose  and  mouth.  The  apex  of  the  pyramid  is  contmuous  with  the 
malar  process.  The  anterior  surface  looks  towards  the  face  ;  the 
posterior  looks  towards  the  zygomatic  fossa ;  the  superior  looks 
towards  the  orbit. 
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Base. — The  base  or  inner  surface  of  the  bod}^  is  partially 
divided  into  two  unequal  parts — an  upper  or  nasal,  and  a  lower  or 
buccal — by  the  palatine  process.  The  nasal  and  buccal  portions 
communicate  with  one  another  behind  the  palatine  process.  In 
the  articulated  sliull  they  are  separated  from  one  another  by 
the  completion  of  the  hard  palate  posteriorly  by  means  of  the 
palatine  process  of  the  palate  bone. 

The  fii'st  thing  to  notice  on  the  7iasal  jportion  is  the  orifice 
of  the  antrum  itself.  ^  (Plate  XII.  fig.  2.)  '  In  the  separate  bone 
this  orifice  is  very  m-egular,  and  large  enough  to  admit  the  end  of 
a  finger  ;  but  in  the  perfect  skull  (Plate  XXII.)  it  is  very  much 
closed  in  by  thin  plates  fifom  the  ethmoid,  the  palate,  and  the 
inferior  spongy  bones.  In  the  recent  state  the  orifice  is  generally 
so  contracted  by  a  fold  of  the  mucous  membrane  of  the  nose,  that 
it  will  only  admit  a  crow-quill.  The  orifice  is  not  near  the 
bottom  of  the  antrum,  but  very  high  up  ;  the  consequence  of  this 
is,  that  when  fluid  collects  in  the  antrum  it  cannot  run  out  until 
the  antrum  is  nearly  fiill,  or  until  the  head  is  inclined  horizontally 
with  the  opposite  cheek  downwards.  Above  this  orifice  are  a- 
few  half-cells  completed  by  the  lateral  mass  of  the  ethmoid,  while 
running  downwards  and  backwards  from  it  below,  to  the  outer 
end  of  the  posterior  border  of  the  palatine  process,  is  a  fissure  to 
articulate  with  the  'maxillary  process  of  the  palate  hone.'  In  front 
of  and  below  the  orifice  of  the  antrum  is  a  smooth  surface,  concave 
from  above  downwards,  and  slightly  so  from  before  "backwards, 
helping  to  foi-m  the  inferior  meatus  of  the  nose.  Leadmg  into 
this  surface  from  above  is  the  riaso-lachrymal  groove,  and  sepa- 
rating the  surface  from  the  inner  surface  of  the  nasal  process  is 
a  rough  ridge  running  forwards  and  downwards,  for  articulation 
with  the  inferior  turbmated  bone,  and  called  the  '  inferior  tur- 
binated crest  of  the  superior  maxillary  bone.'  Behind  and  below 
the  opening  of  the  antrum  the  nasal  surface  is  rough,  for  articu- 
lation with  the  vertical  plate  of  the  palate  bone,  and  in  this 
rough  part  is  seen  a  smooth  groove,  called  the  '  posterior  palatine 
groove,'  and  converted  into  a  canal  Ijy  the  apposition  of  a  cor- 
responding groove  on  the  '  vertical  plate '  of  the  palate,  for  the 
passage  of  the  posterior  palatine  vessels  and  nerve. 


92 


SUPEEIOB  MAXILLAEY  BONE 


The  luccal  or  oral  ])ortion,  or  the  part  below  the  palatine 
process,  is  rough,  and  marked  by  a  large  number  of  nutrient 
foramina.  It  is  continuous  inferiorly  with  the  internal  surface 
of  the  alveolar  process,  posteriorly  and  superiorly  with  the  nasal 
portion,  and  anteriorly  and  superiorly  with  the  inferior  surface  of 
the  palatine  process.  At  the  line  of  junction  between  the  palatine 
process  and  the  buccal  surface  is  a  continuation  of  the  posterior 
palatine  groove  already  described. 

Apex. — The  apex  is  continuous  with  the  root  of  the  malar 
j)rocess,  to  be  presently  described. 

Anterior  Surface. — The  anterior  or  facial  surface  is  con- 
tinuous superiorly  and  anteriorly  with  the  external  sm-face  of  the 
nasal  process ;  inferiorly  with  the  outer  surface  of  the  alveolar 
process  ;  posteriorly  below  the  malar  process  with  the  zygomatic 
surface.  It  is  divided  into  two  foss^ — an  anterior  or  '  incisive  ' 
or  '  myrtiform,'  and  a  posterior  or  *  canine  ' — by  a  vertical  ridge 
corresponding  to  the  socket  for  the  canine  tooth,  and  called 
the  '  canine  ridge.'  The  incisive  fossa  gives  attachment  to  the 
'  orbicularis  oris,'  the  '  depressor  alee  nasi,' and  the  '  compressor 
naris.'  The  canine  fossa  lies  behind  the  canine  ridge,  and  is 
deeper  in  some  skulls  than  in  others.  At  its  upper  part,  about 
a  quarter  of  an  inch  below  the  margin  of  the  orbit,  and  in  the 
same  vertical  line  as  the  upper  second  bicuspid  tooth,  is  the 
'  infra-orbital  foramen '  or  termination  of  the  '  infra-orbital 
canal,'  which  transmits  the  infra-orbital  nerve  and  artery. 
Above  this  foramen  we  have  the  origin  of  the  '  levator  labii 
superioris,'  and  below  it  the  origin  of  the  '  levator  anguli  oris.' 

Posterior  Surface. — The  posterior  or  zygomatic  surface 
bulges  into  the  zygomatic  fossa. Above  it  is  smooth,  and 
below  it  is  rough,  and  inferiorly  may  show  a  somewhat  serrated 
surface  for  articulation  with  the  tuberosity  of  the  palate  bone. 
On  it  we  notice  two  or  three  foramina  for  the  passage  of  superior 
dental  nerves  from  the  superior  maxillary,  descending  palatiue 
branches  of  Meckel's  ganglion,  and  j)alatine  branches  of  the 
internal  maxillary  artery. 

Superior  Surface. — The  superior  or  orbital  surface  looks  up- 
wards and  outwards,  and  enters  into  the  formation  of  the  floor 
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of  the  orbit.  It  is  triangular  in  shape,  with  the  base  clii-ected 
forwards.  On  the  surface  notice  the  '  mfra-orbital  canal,'  for 
the  passage  of  the  superior  maxillary  nerve  and  infra-orbital 
artery.  It  commences  behind  as  a  groove,  but  soon  becomes  a 
canal,  which  terminates  on  the  front  wall  of  the  antrum,  just 
below  the  edge  of  the  orbit.  A  httle  before  its  termination,  the 
main  canal  gives  off  one  or  sometimes  two  smaller  ones,  termed 
the  '  anterior  dental  canals.'  These  run  down  in  the  very  sub- 
stance of  the  front  wall  of.  the  antrum,  and  transmit  blood- vessels 
and  nerves  to  the  two  incisor  and  canme  teeth,  and  send  a 
branch  inwards  which  carries  a  nerve  to  the  fore  part  of  the 
inferior  meatus.  Kunning  down  from  the  posterior  end  of  the 
inh-a-orbital  canal  is  another  little  channel  in  the  posterior  wall 
of  the  antrum,  conveying  the  middle  superior  dental  nerve  to 
the  bicuspid  teeth.  To  see  these  canals  it  is  necessary  to  intro- 
duce a  bristle  as  a  guide,  and  then  to  rasp  away  the  external 
plate  of  the  bone.  Sometimes  joining  the  anterior  and  posterior 
extremities  of  the  infi-a-orbital  canal  is  a  suture  extending  along 
the  orbital  surface,  and  across  the  infra-orbital  margin,  indi- 
cating the  imperfect  closure  of  the  roof  of  the  infra-orbital  canal. 
Close  by  the  anterior  internal  corner  of  the  orbital  surface  is  a 
very  slight  depression  (in  some  cases  it  may  be  a  little  eminence) 
for  the  origin  of  the  *  inferior  oblique  '  muscle  of  the  eyeball. 

Of  the  margins  of  the  orbital  surface,  the  anterior  is  smooth, 
non-articular,  and  somewhat  sharp  in  its  inner  half,  forming  part 
of  the  infra-orbital  margin,  rough  and  serrated  in  its  outer  half, 
for  articulation  with  the  malar  bone.  The  external  is  sharp  and 
rough  anteriorly  for  articulation  with  the  '  orbital  process '  of  the 
malar,  smooth  and  rounded  posteriorly  where  it  makes  the  lower 
margin  of  the  '  spheno-maxillary  fissm-e.'  In  the  smooth  part  we 
notice  the '  infra-orbital  notch '  forming  the  commencement  of  the 
infra-orbital  groove.  The  internal  margin  presents,  anteriorly, 
a  smooth  notch — the  '  lachrymal  notch  ' — boundmg  the  upper 
aperture  of  the  naso-lachrymal  canal  externally ;  behind  that 
a  serrated  surface  for  articulation  with  the  lower  border  of 
the  lachrymal  bone;  behind  that  a  longer  serrated  border,  or 
rather  a  surface,  with  perhaps  two  or  three  half-cells  in  it,  for 
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articulation  with  the  ethmoid ;  and  posterior  to  that  a  slopinc. 
obhque  border,  running  downwards,  outwards,  and  backwards' 
and  bounding  superiorly  a  rough  concave  surface  for  articulation 
with  the  orbital  process  of  the  palate  bone. 

Antrum,  Cavity  of.— The  '  maxillary  sinus,'  or  '  antrum,' 
is  by  far  the  largest  of  the  air-cells  in  the  bones  of  the.  head.  '  It 
begins  to  be  formed  as  a  depression  on  the  inner  surface  of  the 
hody  about  the  fourth  month.  This  depression  gradually  enlarges, 
so  that  at  birth  there  is  a  very  slight  interval  between  the  plates 
of  bone  forming  the  orbital  and  the  other  surfaces  of  the  body. 
It  is  lined  with  mucous  membrane,  continuous  with  that  of  the 
nose,  and  is  large  enough  to  hold  a  musket-ball  with  ease.  A 
ball  has  been  known  to  lodge  in  the  antrum  for  months,  and 
even  for  years,  before  it  has  been  removed.^*!    It  varies  ui  size 
and  somewhat  in  shape  in  different  persons;  but,  as  a  rule,  it 
has  the  form  of  a  three-sided  pyramid,  with  the  base  towards  the 
nose,  formed  by  the  internal  surface  of  the  body,  and  the  apex 
extending  into  the  malar  process.    Its  anterior  waU  supports  the 
canine  fossa,  its  posterior  the  zygomatic  surface,  and  its  superior 
the  orbital  surface  of  the  body.    Thin  plates  of  bone  often  pro- 
ject into  the  antrum,  makmg  a  kind  of  recess  or  pocket  here  and 
there  ;     and  the  fangs  of  one  or  more  of  the  molar  teeth  gene- 
rally project  into  it,  either  quite  bare  or  covered  by  a  thhi  scale  of 
bone.    Hence  the  practice,  adopted  by  some  surgeons,  of  drawing 
•one  of  these  teeth  (say  the  first  or  second  molar)  to  let  out  matter 
from  the  antrum.    Again,  the  fangs  of  decayed  or  otherwise 
injured  molar  teeth  are  Hable  to  set  up  disease  in  the  antrum  ; 
and  this  is  the  explanation  commonly  given  why  morbid  growths 
arise  in  the  antrum  more  frequently  than  in  any  other  of  the 
air-cavities  of  the  nose. 

The  following  case  gives  a  good  idea  of  the  extent  of  the 
antrum :  '  A  lady  suffering  from  toothache  submitted  to  the 
extraction  of  the  canine  tooth  of  the  upper  jaw,  with  which  a  por- 
tion of  the  alveolar  process  was  removed,  makmg  an  aperture  in 
the  antrum,  from  which  a  watery  fluid  constantly  issued.  The 
patient,  desirous  of  ascertaining  the  source  of  the  discharge,  took 
a  pen,  and,  having  stripped  off  the  barbs  from  the  feathered  part, 
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found  that  the  whole  of  it,  full  six  inches  long,  could  be  introduced 
into  the  cavity.  At  this  she  was  greatly  terrified,  believing  it  must 
have  gone  into  the  brain.  She  consulted  Highmore,  who  explained 
-to  her  that  the  pen  had  turned  spii'ally  within  the  smus,  and  he,  be- 
sides, counselled  her  to  submit  with  patience  to  the  inconvenience 
of  the  discharge  from  the  cavity.' 

Alveolar  Process  and  Teeth. — The  alveolar  process  is  a 
.thick  and  strong  ridge  of  bone,  cm-ved  so  as  to  form  with  that  of 
the  other  side  the  dental  arch.  It  consists  of  two  plates,  an  outer 
and  an  inner,  connected  by  numerous  septa  which  form  the 
sockets  (alveoli)  of  the  teeth.  The  inner  plate  is  the  stronger  ; 
therefore,  in  drawmg  a  tooth,  care  should  be  taken  to  incline 
it  a  httle  outwards.  The  outer  plate  is  marked  by  eminences 
corresponding  to  the  fangs  of  the  teeth,  the  eminence  of  the 
canine  tooth  being  especially  marked. 

In  a  child,  from  the  end  of  the  second  to  the  end  of  the 
sixth  year,  the  half  of  each  jaw  contains  sockets  for  five  teeth, 
i.e.  for,  two  incisors,  one  canine,  and  two  molars. 

The  formula  for  the  '  milk  dentition  '  is  therefore  : 

•  2  +  2       1  +  1       2  +  2 

"2T-2'    ^-Tl'  -2T2='^"^^"- 

The  half  of  each  jaw  contains,  in  the  adult,  sockets  for  eight 
teeth— namely,  two  'mcisors,'  one  '-canine,'  two  bicuspids  "(or 
'  prs-molars '),  and  three  '  molars.'  Thus  the  dental  formula  of 
the  adult  human  skull  is  : 

•2  +  2       1  +  1  2  +  2       3  +  3 

The  eruption  of  the  second  or  permanent  set  of  teeth  commences 
about  the  end  of  the  sixth  year.  The  first  to  appear  is  the  first 
permanent  molar,  which  is  therefore  called.the  six-year-old  tooth 
and  IS  the  oldest  tooth  in  the  adult's  head.  Generally  speakin^^' 
the  twenty  milk  teeth  are  cut  between  the  sixth  and  twenty-fourth 
months,  and  the  thirty-two  permanent  teeth  between  the  sixth 
and  twenty-fourth  years.^^* 

Sockets  or  TEEXH.-The  sockets  correspond  in  number  and 
size  to  the  fangs  of  the  teeth  they  receive.    They  vary  in  depth  in 
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different  instances.  The  deepest  of  all  is  the  socket  of  the  canine 
tooth;  this  is  often  of  an  inch  in  depth  in  the  dry  bone.  The 
first  two  molars  of  the  upper  jaw  have  three  fangs  each,  and  as 
many  sockets.  Of  these  fangs,  two  are  external,  and  one  inter- 
nal. In  the  last  molar,  or  wisdom  tooth,  the  fangs  are  generally 
consolidated  into  one.  Irregularities  in  the  shape  and  the 
direction  of  the  fangs,  whether  diverging  too  much  or  converging, 
lead  to  unavoidable  evils  when  it  is  necessary  to  extract  them. 
Either  a  fang  breaks,  or  part  of  the  alveolus  must  be  extracted 
with  the  fang.  One  cannot  foresee  this.  At  the  bottom  of  each 
socket  is  a  minute  hole,  through  which  the  vessels  and  nerve 
come  up  and  supply  the  pulp  in  the  cavity  of  the  tooth.  There 
are  also  numerous  holes  in  the  bony  partitions  between  the 
sockets,  through  which  vessels  supply  the  gums  and  the  perio- 
steum. These  are  the  sources  of  the  bleeding  after  the  extraction 
of  a  tooth.  The  teeth  are  fixed  not  only  by  the  closely  fitting 
socket,  but  also  by  the  very  vascular  membrane,  the  periosteum, 
which  lines  the  socket  and  adheres  closely  to  the  fang.  This 
periosteum  not  only  retams  the  teeth  in  their  places,  but  helps 
to  maintam  their  vitality,  and,  being  elastic,  breaks  shocks  which 
would  otherwise  be  communicated  to  the  jaws.  When  the  dental 
periosteum  mflames,  the  tooth  is  partly  lifted  out  of  its  socket, 
and  the  teeth  cannot  be  clenched  without  pain.  If  the  inflamma- 
tion goes  on  to  the  formation  of  matter,  the  periosteum  quits  its 
hold  of  more  or  less  of  the  fang,  and  abscess  in  the  socket  is  the 
result.  The  matter  then  makes  its  way  out  by  the  side  of  the 
tooth,  or  through  a  small  hole  formed  by  ulceration  in  the  alveolar 
wall— that  is,  a  gumboil  is  the  result.  In  the  dry  bones,  most 
of  the  teeth  fall  out,  because  the  periosteum  shrinks,  and  thus  the 
sockets  become  too  large. 

The  alveolar  process  gives  origm  (Plate  XII.  fig.  1)  to  the 
«  buccinator  '  above  the  three  molar  teeth. 

Nasal  Process. — The  nasal  process  ascends  nearly  per- 
pendicularly, in  a  line  with  the  canine  tooth,  and  abuts,  by 
means  of  a  very  rough  suture,  upon  the  internal  angular  process 
of  the  frontal  bone.  It  supports  the  nasal  bone,  and  con- 
tributes to  form  the  inner  margin  of  the  orbit. 
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The  process  is  flattened  from  withiii  outwards,  and  is  nar- 
rower from  before  backwards  than  from  above  downwards.  It 
presents  external  and  internal  surfaces  with  superior,  inferior, 
anterior,  and  posterior  borders.    The  external  surface  is  shghtly 
concave  in  every  direction,  marked  by  a  number  of  vascular 
foramina,  and  gives  origin  to  the  '  orbicularis  palpebrarum '  and 
the 'levator  labii  suj)erioris  al^eque  nasi.'    The  internal  surface 
enters  into  the  formation  of  the  nasal  cavity  and  presents  from 
above  downwards,  first,  a  smooth  surface  which,  with  the  fore 
part  of  the  lateral  mass  of  the  ethmoid,  helps  to  form  a  few  of  the 
anterior  ethmoidal  cells,  next  a  rough  antero-posterior  ridge,  or 
it  may  be  a  sui-face,  and  termed  the  '  superior  turbinated  crest 
of  the  superior  maxillary,'  for  articulation  with  the  inferior  tur- 
binated process  of  the  ethmoid,  or  the  middle  turbinated  bone  of 
the  nasal  fossa.   Below  this  is  a  smooth  shallow  antero-posterior 
groove,  helping  to  form  the  middle  meatus  of  the  nose,  and 
bounded  below  by  the  rough  antero-posterior  '  inferior  turbinated 
crest '  for  articulation  with  the  inferior  turbinated  bone.  The 
superior  border  of  the  nasal  process  is  thick,  deeply  serrated,  and 
articulates  with  the  nasal  notch  of  the  frontal  bone.  The  free  part 
of  the  inferior  border  is  thin,  sharp,  h-regular,  runs  downwards, 
outwards,  and  backwards,  helping  to  form  the  side  of  the  anterior 
openmg  of  the  nose.    The  attached  part  is  continuous  with  the 
body  of  the  bone.  The  anterior  border  runs  downwards,  outwards, 
and  forwards,  and  is  thick  and  bevelled  at  the  expense  of  the 
outer  surface  above,  thin  and  bevelled  at  the  expense  of  the  inner 
surface  below,  for  articulation  with  the  outer  border  of  the  nasal 
bone.    The  posterior  border  is  more  a  surface  than  a  border,  and 
presents  a  groove  running  downwards,  outwards,  and  backwards, 
called  the  '  lachrymal  groove,'  lodging  the  '  naso-lachrymal  sac ' 
and  the  '  naso-lachrymal  duct.'    The  anterior  lip  of  the  groove 
is  smooth  and  rounded  above,  sharper  and  more  prominent  below 
IS  continuous  with  the  anterior  margin  of  the  orbital  surface  of 
the  body,  and  helps  to  make  the  inner  margin  of  the  orbit.  The 
posterior  lip  is  smooth  and  flattened  at  its  upper  end  where  it 
helps  to  complete  the  anterior  ethmoidal  cells,  sharp  and  rough 
in  the  rest  of  its  extent  for  articulation  with  the  anterior  border  of 
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the  lachrymal  bone.  The  '  lachrymal  '  groove  is  converted  into 
a  canal  in  the  lower  half-inch  of  its  course  by  the  lachrymal  and^' 
inferior  turbinated  bones,  and  is  about  the  size  of  a  very  smalL 
goose-quill.  When,  from  inflammation  or  other  cause — such  as 
a  tumour — the  canal  becomes  obstructed,  the  tears  necessarily 
flow  over  and  run  down  the  cheek.  To  obviate  this,  it  is  often 
requisite  to  slit  up  one  of  the  lachrymal  canaliculi  and  introduce 
a  probe  into  the  naso-lachrymal  duct.  Therefore  one  must  know 
well  the  direction  of  the  lachrymal  canal.  It  runs  from  above 
downwards,  and  slightly  backwards,  and  outwards. 

The  anterior  lip  of  the  groove  gives  attachment  to  fibres 
of  the  'orbicularis  palpebrarum,'  with  the  'tendo  oculi,'  or 
*  palpebrarum,'  between  them. 

Palatine  Process. — The  palatine  process  extends  horizontally 
inwards,  and  forms  the  anterior- two- thirds  -of  one  half  of  the 
hard  palate  and  floor  of  the  nose,  the  posterior  third  being  comr 
pleted  by  the  palate  bone.     It  is  sKghtly  arched  from  before 
backwards,  and  is  thicker  in  front  near  the  alveolus  than  behind. 
The  process  is  four-sided,  with  an  upper  or  nasal  and  a  lower  or 
palatine  surface.    The  u2J2)er  siirface  is  smooth,  concave  from 
side  to  side,  slightly  so  from  before  backwards,  and  helps  to  make 
the  floor  of  the  nasal  fossa.    Near  the  anterior  part  of  its  inner 
side  we  see  a  large  foramen,,  the  '  incisor  foramen,'  or  'foramen 
of  Stenson,'  leading  downwards  and  slightly  forwards  into  a 
deep  groove,  seen  in  the  inner  border  of  the  palatine  process,  and 
termed  the  '  anterior  palatine  groove  '  (in  the  articulated  skull, 
the  anterior  palatine  canal).    The  incisor  foramen  transmits 
blood-vessels,  and  is  the  remains  of  a  communication  between 
the  nose  and  mouth— a,  condition  well  seen  in  the  skulls  of 
carnivora.  In  young  superior  maxillary  bones,  and  sometimes  m 
adult  ones,  we  see  a  faint  line  running  towards  the  front  of  the 
socket  for  the  canine  tooth,  and  named  the  '  incisor  fissure,'  or 
'  incisive  suture.'    The  lo2ver  surface  of  the  palatine  process  is 
very  rough  and  marked  by  a  number  of  vascular  foramina.  Ex- 
ternally it  helps  to  form  the  '  posterior  palatine  groove '  with  the 
inner  surface  of  the  body  of  the  bone.    At  the  fore  part  of  the 
surface,  and  situated  on  the  inner  border,  is  the  '  anterior  palatine 
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groove,'  with  the  incisor  foramen  opening  into  its  upper  end,  and 
at  the  anterior  and  posterior  extremities  of  the  upper  end  of  the 
groove  two  little  notches  formed  by  little  grooves— the  '  grooves 
of  Scarpa  '—on  the  inner  border  of  the  process.  -  Always  in 
young  bones,  and  sometimes  remaining  persistent  in  fully  formed 
skulls— never,  however,  extending  across  the  alveolar  border— is 
the  lower  aspect  of  the  incisive  suture,  already  seen  on  the  upper 
surface  and  hmitmg  the  so-called  '  premaxiUary  bone  '  posteri- 
orly.   The  anterior  border  of  the  palatine  process  is  smooth 
concave  fi-om  side  to  side,  and  usually  grooved  in  the  same 
direction,  and  forms  one-half  of  the  lower  margin  of  the  anterior 
openmg  of  the  nose.    It  is  continuous  with  the  upper  border  of 
the  mcisive  fossa  of  the  body  of  the  bone.    The  posterior  border 
isthm,  sharp,  serrated,  bevelled  at  the  expense  of  the  upper  sur- 
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face,  and  articulates  with  the  horizontal  plate  of  the  palate 
bone     The  internal  bonier  shows  a  number  of  parallel  vertical 
rough  sharp  ridges,  with  corresponding  grooves  between,  for  arti- 
culation with  the  opposite  bone.   Above,  the  border  rises  to^vards 
he  nose  m  a  half-crest,  made  a  whole  one  by  the  apposition  of 
the  opposite  bone,  to  articulate  with  the  vomer  and  form  the  base 
of  the  bony  septum  of  the  nose.    (Plate  XXIII.  fig  l  )  This 
half-crest  projects  fowards,  and,  by  joining  with  thexon-  spond- 
ing  part  of  the  opposite  bone,  makes  the  '  anterior  nasal  spine  ' 
to  whic   1.S  attached  the  cartilaginous  part  of  the  nasal  s^' 
The  root  of  the  anterior  nasal  spine  is  called  the  '  subnasal  10^' 
by  craniologi-sts.    On  the  inner  border  we  see.  too    h  "  re"l 
and  posterior  grooves  of  Scarpa'  (converted  into  canals  Vthe 
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apposition  of  the  vomer  and  the  corresponding  parts  of  the 
opposite  bone) ,  leading  into  the  anterior  palatine  groove.  The 
anterior  is  usually  the  larger  of  the  two  grooves  of  Scarpa,  and 
transmits  the  left  naso-palatine  nerve ;  the  posterior  is  usually 
the  smaller,  and  transmits  the  right  naso-palatme  nerve.  This  ar- 
rangement of  the  nerves  may,  however,  be  reversed.  The  external 
border  of  the  process  is  continuous  with  the  body  of  the  bone. 

Malar  Process. — The  malar  process  stands  off  from  the 
outer  side  of  the  antrum.  It  is  remarkably  thick  and  strong,  and 
is  connected,  by  a  very  rugged  triangular  surface,  with  the  malar 
bone.  The  malar  process  is  situated  just  over  the  first  and  second 
molar  teeth,  and  is  therefore  well  calculated  to  resist  pressure  m 
mastication.  It  forms  the  apex  of  the  pyramidal  body  of  the 
bone.  Its  superior  surface  is  contmuous  with  the  orbital  sm-face 
of  the  body ;  its  anterior  with  the  canine  fossa,  and  gives  origm  to 
the  '  levator  labii  superioris  proprius  ; '  its  posterior  surface  with 
the  zygomatic  surface  ;  its  ajjex  is  rough  for  articulation  with  the 
malar  bone ;  its  base  is  continuous  with  the  body  of  the  bone. 

Connections  The  superior  maxilla  is  connected  with  nme 

bones,  as  foUows :  With  the  malar,  the  frontal,  the  nasal,  the 
lachrymal,  the  vomer,  the  inferior  spongy,  the  palate  bone,  its 
fellow,  and,  lastly,  the  ethmoid. 

Ossification  The  ossification  of  the  upper  jaw  begms  about 

the  seventh  week  of  foetal  life,  and  proceeds  so  quickly  that  the 
number  of  its  independent  centres  has  not  yet  been  accm-ately 
determmed.  Itappears  to  have  five  distinct  centres  :  one  for  the 
alveolus  behmd  the  incisors, -one  for  the  palatine  process,  one  for 
the  floor  of  the  orbit  and  malar  process,  a  fourth  for  the  portion  m 
front  of  the  antrum  with  the  nasal  process,  and,  lastly,  a  very  dis- 
tinct centre,35  which  includes  the  sockets  of  the  two  incisor  teeth. 
In  most  human  skulls,  if  not  very  old,  one  can  trace  the  remains 
of  the 'pre-maxiUary'  suture.  (Plate  XX.)  It  runs  outwards 
from  the  anterior  palatine  canal,  and  then  through  the  alveolar 
border  of  the  jaw,  mvariably  between  the  second  incisor  and  the 
canine  tooth  ;  and  here  we  lose  all  trace  of  it.  This  is  interestmg 
surgically.  In  cases  of  double  hare-lip,  where  the  fissm-e  is_  not 
confined  to  the  hps,  the  pre-maxiUary  bones  on  each  side  fail  to 
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unite  with  the  rest  of  the  upper  jaw,  and  often  project  in  a  hideous 
manner  through  the  fissure  of  the  hp.  When  removed  by  opera- 
tion, these  bones  are  always  found  to  contain  the  capsules  of  the 
four  incisor  teeth. 

Comparative  Osteolog-y. — The  teeth  which  grow  from  the 
pre-maxillary  bones  are  called  incisors.  On  a  close  inspection 
of  the  narwhal  hanging  in  the  Mus.  Eoy.  Coll.  Surg,  the  sharp 
spiral  tusk  will  be  found  to  spring  from  the  left  pre-maxillary 
bone.  It  is  therefore  the  left  incisor  tooth.  The  right  one 
usually  remains  undeveloped ;  but  there  is  a  specimen  in  the 
Cambridge  Museum  where  both  are  of  full  length.  Evidence  of 
the  narwhal's  power  of  offence  or  defence  is  given  by  the  tusks 
having  been  found  buried  to  a  depth  of  ten  or  twelve  inches  in 
the  timbers  of  ships.  The  female  narwhal  has  no  such'  extra- 
ordinary growth  of  the  incisor  tooth.  It  is  interesting  to  notice 
in  the  skuU  of  the  elephant  that  the  suture  between  the  superior 
maxillary  and  pre-maxillary  bones  is  visible,  and  that  his  tusks 
grow  from  the  pre-maxillary  bones,  and  are  therefore  also  incisor 
teeth.  The  tusks  of  the  walrus  have  their  origin  externally  to  the 
pre-maxillary  bone,  and  are  therefore  canine  teeth,  and  this  animal 
belongs  to  the  carnivora.    (No.  999.) 

Examine  the  bull,  and  it  will  be  seen  that  there  are  no  in- 
cisors m  the  upper  jaw.  This  is  the  case  in  all  the  Euminants, 
excepting  the  camel,  which  loses  the  central  incisors  early  in  life. 
In  the  bull,  deer,  and  other  Euminants  also  notice  that  the  so- 
called  canines  in  the  lower  jaw  are  in  a  regular  series  with  the 
six  incisors,  and  much  resemble  them.  They  seize  their  food 
between  this  even  row  of  teeth  and  the  prehensile  upper  lip,  and 
then  chew  it  with  the  molars. 

In  the  order  Monotremata,  the  one  member.  Echidna,  has  no 
teeth,  and  the  other,  Ornithorhynchus  paradoxus,  has  but  horny 
plates  to  represent  them.    (See  Sep.  Ser.) 

In  many  of  the  lower  animals  teeth  are  not  confined  to  the 
alveolar  margins  of  the  jaw,  but  are  found  scattered  about  the 
upper  part  of  the  alimentary  canal.  Thus,  in  the  Labroid  fishes 
(No.  96),  large  teeth  may  be  seen  developed  upon  the  palate.  In 
the  perch  there  are  teeth  in  the  pharynx.    (No.  197.)    In  the 
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lobster  thete  are  horny  teeth  in  the  stomach,  where  the  food  is 
ground. 

In  birds  the  superior  maxUlary,  with  the  inter-maxillary  bones, 
are  prolonged  forwards,  and  when  covered  with  the  appropriate 
horny  material,  constitute  the  beak  ;  the  lower  jaw  also  projectmg 
forms  the  lower  half  of  the  beak.    (Nos.  1678,  1678A.) 

■  The  upper  jaw  is  movable  in  parrots  (No.  1438),  and  has 
a  broad  transverse  articulation  with  the  frontal.  It  consists  of 
the  coalesced  nasal,  maxillary,  and  pre-maxillary  bones. 

In  Primates  there  are  never  more  than  four  incisors  above, 
and  the  same  number  below. 

In  the  Eodents  the  incisors  continue  to  grow  throughout  Ufe, 
and  are  long  and  curved.    See  "the  Canadian  beaver  (No.  3118). 

In  Cetacea  the  pre-maxillse,  which  are  small  in  proportion  to 
the  maxillae,  are  prolonged  far  in  advance  of  the  nasal  apertm-e, 
as  may  be  seen  in  the  skeleton  of  the  great  sperm  whale  in  the 
■Mus.  Eoy.  Coll.- Surg. 
-  Examine  the  poison-fang  in  a  serpent  from  New  Holland 
(No.  650) .  It  is'  situated  ua  the  upper  jaw,  and  has  a  bristle 
passed  through  it,  showmg  that  it  is  tubular.  This  tube  is 
continuous  with  the  duct  of  the  poison-gland. 

Look  at  the  plates  of  whalebone  hanging  from  the  upper  jaw 
of  the  whalebone  whale.  It  is  by  means  of  these  plates  that  he 
entangles  the  sniair  molluscs,  &c.,  on  which  he  feeds. 


MALAE  BONE. 
(Plate  XIII.  flg.  3.) 

The  malar  bone  forms  the  prommence  of  the  cheek,  a  part  of 
the  margin  and  wall  of  the  orbit,  and  the  greater  portion  of  the 
zygomatic  arch.  It  is  remarkably  thick  and  strong,  and  resists 
injury,  to  which  the  face,  in  this  situation,  is*  so  exposed.  We 
divide  it  into  a  '  body '  and  an  '  orbital  process.' 

!  Body. — The  'body'  is  diamond -shaped,  with  external  and 
internal  surfaces;   superior,  inferior,  anterior,  and  posterior 
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•angles ;  anterior-superior,  anterior-inferior,  posterior-superior, 
posterior-inferior  borders. 

Surfaces. — The  external  or  facial  surface  is  subcutaneous, 
marked  by  a  number  of  small  vascular  foramina,  and  one  large 
foramen,  known  as  the  '  external  openmg  of  the  malar  canal,'  for 
the  transmission  of  a  malar  nerve.  Sometimes  there  may  be 
more  than  one  large  opening.  From  the  outer  surface  arise  the 
'  zygomaticus  major  '  and  '  minor '  muscles,  and  close  to  the 
posterior-inferior  border  fibres  of  the  '  masseter.'  In  most  skulls 
■sve  see  a  distinct  elevation  where  the  zygomaticus  major  is 
attached.  This  elevation  is  termed  the  '  malar  point '  by  cranio- 
logists.  The  internal  surface  presents  a  rough,  triangular,  deeply 
dentated  surface  to  articulate  with  the  malar  process  of  the 
superior  maxillary,  and  a  smooth  concave  surface  entering  into 
the  formation  of  the  zygomatic  fossa.  The  surface  is  marked  by 
a  few  small  elevations  near  the  lower  border,  where  it  gives  origin 
to  the  '  masseter '  muscle,  also  to  one  or  two  '  temporal  foramina ' 
or  openings  of  malar  foramina  leading  into  the  zygomatic,  fossa 
and  occupied  by  temporal  branches  of  the  temporo-malar  nerve. 

Angles. — The  supejior  angle  is  dentated  to  articulate  with 
_the  external  angle  of  the  frontal  bone.  The  inferior  angle  is 
nearly  a  right  angle,  and  articulates  with  the  malar  process  of 
the  superior  maxillary.  The  anterior  angle  is  very  acute.  ■  It 
articulates  with  the  superior  maxillary  bone  at  the  infra-orbital 
margin  above  the  infra-orbital  foramen.  The  posterior  angle  is 
cut  obliquely  from  above  downwards  and  backwards,  and  is  ser- 
rated for  articulation  with  the  zygomatic  process  of  the  temiaoral. 

Borders. —  The  anterior-siLperior  border  is  smooth  and 
rounded,  and  forms  the  outer  and  part  of  the  lower  margin  of 
_  the  orbit.  The  anterior-inferior  border  is  somewhat  sinuous  and 
serrated.  It  forms  the  anterior  limit  of  the  triangular  serrated 
surface  for  articulation  with  the  malar  process  of  the  superior 
^  maxillary.  The  posterior-superior  border  is  curved  like  an  itahc  s. 
It  is  rather  sharp  and  rough  for  the  attachment  of  the  temporal 
fascia.  The  posterior-infenor  border  runs  backwards  and  slightly 
upwards,  and  is  rough  for  the  attachment  of  the  'masseter' 
muscle. 
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The  Orbital  Process  is  continuous  externally  with  the  uppet 
half  or  so  of  the  anterior-superior  border  of  the  body  of  the  bone. 
It  is  a  four-sided  plate  of  bone,  forming  part  of  the  outer  wall  of 
the  orbit  and  looking  forwards  and  inwards. 

Surfaces. — The  antero-mtcrnal  or  orbital  is  smooth,  shghtly 
concave  both  from  above  downwards  and  from  before  backwards. 
It  shows  the  mternal  openmgs  of  one  or  two  of  the  malar  canals. 
The  postero-external  or  zygomatic  is  convex  from  above  down- 
wards and  concave  from  before  backwards,  and  helps  to  form  the 
zygomatic  fossa. 

Borders. — The  stiperior  is  serrated  for  articulation  with  the 
frontal  bone.  The  inferior  is  shorter  than  the  superior,  and 
articulates  with  the  anterior  end  of  the  external  border  of  the 
orbital  surface  of  the  superior  maxillary  bone.  The  jwstero-internal 
in  its  upper  four-fifths  or  so  is  rough  and  sharp  for  articulation 
with  the  outer  border  of  the  orbital  surface  of  the  great  wing  of 
the  sphenoid.  In  its  lower  fifth  it  forms  a  smooth  notch  boundmg 
the  *  spheno-maxillary  fissure'  externally.  In  some  cases  this 
border  is  articular  throughout,  in  which  case  the  malar  bone 
will  not  form  the  outer  end  of  the  spheno-maxillary  fissure,  and 
the  sphenoid  will  articulate  with  the  superior  maxillary.  In  some 
rare  cases  a  little  "Wormian  bone  forms  the  outer  end  of  the 
spheno-maxillary  fissure.  The  antero-external  border  is  continuous 
with  the  body  of  the  bone, 

'  The  malar  canal '  (more  fully  the  '  temporo-malar  canals  ') 
starts  by  one  or  two  openings  on  the  orbital  surface  of  the  orbital 
process.  They  run  outwards  into  the  body  of  the  bone,  some 
appearing  externally  on  the  facial  surface  of  the  body  as  the 
'  malar  foramina,'  and  others  on  the  zygomatic  surface  of  the 
body  as  the  '  temporal  foramina.'  The  primary  canal  (or  canals) , 
starting  m  the  orbital  process,  lodge  temporo-malar  nerves  ;  the 
branches  contain  malar  and  temporal  divisions  respectively. 

Connections.— The  malar  bone  is  connected  with  four  bones, 
namely,  by  a  broad  and  very  roughly  serrated  surface,  with  the 
superior  maxillary ;  by  suture,  with  the  external  angle  of  the 
frontal,  ihe  orbital  plate  of  the  sphenoid,  and  the  zygomatic  pro- 
cess of  the  temporal.    These  several  connections  are  so  strong 
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that  the  hone  cannot  he  driven  inwards  towards  the  orhit,  and 
fractures  of  it  are  very  rare. 

Ossification. — The  malar  is  developed  from  a  single  centre 
of  ossification,  which  aj)pears  abont  the  eighth  week.  According 
to  some  anatomists,  it  is  developed  from  three  centres,  which  join 
one  another  by  the  fom-th  month.  The  non-union  of  one  of 
these  centres  explains  why  we  sometimes  see  the  body  of  the 
hone  divided  by  a  suture  into  an  upper  or  larger  and  a  lower  or 
smaller  portion.  This  condition  is  well  seen  in  the  skull  of  a 
Japanese  recently  added  to  the  collection  of  human  skeletons  in 
the  Museum  of  the  Eoyal  College  of  Surgeons. 

Comparative  Osteolog-y — The  upper  process  of  the  malar 
"bone  does  not  articulate  with  the  frontal  in  the  carnivora  (Nos. 
363,  365,  4562). 

In  the  Great  Kangaroo  and  Wombat  the  zygomatic  process 
of  the  malar  bone  extends  backwards  so  far  that  it  forms  part  of 
the  glenoid  cavity  and  articulates  with  the  lower  jaw. 


NASAL  BONE. 
(Plate  XVI.  fig.  3.) 


The  nasal  bones,  situated  one  on  either  side,  occupy  the 
space  between  the  nasal  processes  of  the  superior  maxillary 
bones,  and,  together,  complete  the  bridge  of  the  nose.  Then- 
length,  breadth,  and  degi-ee  of  inclmation,  determine  the  shape 
of  the  nose.  We  have  to  examine  their  anterior  and  posterior 
surfaces,  and  their  four  borders. 

Surfaces.— The  anterior  surfaces  are  subcutaneous,  convex, 
and  present  the  orifices  of  one  or  more  canals,  which  transmit 
blood-vessels.  The  posterior  surfaces  are  concave,  form  part  of 
the  roof  of  the  nose,  and  each  is  marked  by  a  gi'oove  for  the 
passage  of  the  external  branch  of  the  nasal  division  of  the  fifth 


nerve. 


BoRDERs.-The  upper  borders  are  broad,  serrated,  and 
firmly  articulated  with  the  frontal  bone.    The  loioer  borders 
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are  thin  and  free  in  the  dry  bone,  but  connected  in  the  recent 
subject  with  the  lateral  cartilages  of  the  nose.    Each  has  gene- 
rally a  little  notch  in  it,  through  which  the  external  branch  of 
the  nasal  nerve  comes  and  supplies  the  skin  at  the  tip  of  the 
-nose.  ■  Their  outer  borders  are  serrated,  slightly  sloped,  and  rest 
upon  the  nasal  processes  of  the  superior  maxillary  bones.  Their 
inne7-  borders  articulate  with  each  other,  in  the  middle  line,, 
along  the  '  nasal  suture.'    From  the  under  surface  of  this  suture 
a  high  '  crest '  of  bone  projects.    By  putting  the  bones  together, 
it  is  seen  how  then-  crests  form  the  beginning  of  the  bony  septum 
of  the  nose,  and  how  they  articulate  with  the  nasal  spine  of  the 
frontal  bone,  and  if  that  does  not  extend  far  enough  forwards, 
with  the  perpendicular  plate  of  the  ethmoid.  (Plate  XXIII.  fig.  1.) 
Hence,  with  a  depressed  fracture  of  the  nasal  bones  there  must 
be  a  fracture  of  the  perpendicular  plate  of  the  ethmoid,  either 
directly  or  indirectly,  through  the  nasal  spine  of  the  frontal.  In 
some  rare  instances,  the  injury  extends  through  the  perpendi- 
cular plate  of  the  ethmoid  to  the  base  of  the  brain.  Observmg 
the  great  strength  of  the-nasal  hones  and  the  massive  arch  they 
form,  how  the  sides  of  the  arch  are  supported  by  the  nasal  pro- 
cesses of  the  superior  maxillary,  while  the  centre  is  propped  up 
by  the  nasal  spine  of  the  frontal  and  the  perpendicular  plate 
of  the  ethmoid  (Plate  XXIV.' fig.  2),  one  can  readily  understand 
what  makes  the  arch  so  strong,- and  why  the  bones  are  so  seldom 
broken.  ■ 

,  ■  Connections.— The  nasal  bone  articulates  with  four  others, 
namely  its  fellow,  the  superior  maxillary,  the  frontal,  and  theper- 

,-pendicular  plate-  of  the  ethmoid  should  the  nasal  spine  of  the 
frontal  not  extend  so  far  forwards  as  to  completely  separate  them. 

Ossification^Each  nasal  bone  is  developed  from  a  single 
centre  of  ossification,  which  appears  about  'the  eighth  week  of 

fcetal  life.  ■ 

Comparative  Osteology.— The  only  difference  between  the 
skulls  of  a  tiger  and  a  Hon  is  that  in  the  lion  the  upper  ends  of 
the  nasal  bones  and  the  nasal  processes  of  the  superior  maxillary 
■bones-  are  on  the  same  level,  whereas  in  the  tiger  the  nasal  bones 
run  up  considerably  beyond  the  nasal  processes. 
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LACHEYMAL  BONE. 
(Plate  Xin.  fig.  4.) 

The  lachrymal  bones  are  situated,  one  on  each  side,  on  the 
inner  wall  of  the  orbit.  They  are  exceedingly  thin  and  delicate, 
and  shaped  somewhat  like  a  finger-nail,  hence  the  name  '  os 
unguis.'  In  old  skulls  they  are  often  as  thin  as  silver  jDaper, 
and  sometimes  pei-forated.  One  surface  is  directed  towards  the 
orbit;  the  other  towards  the  nose.  One  of  these  bones  is  seen 
in  situ  in  Plate  XVI.  fig.  2. 

The  bone  is  foui'-sided,  with  external  and  internal  sui-faces^ 
superior,  anterior,  inferior,  and  posterior  borders. 

Surfaces. — The  external  or  orbital  surface  has  a  smooth 
vertical  ridge  upon  it,  which  terminates  below  in  a  small  hook- 
like process  or  tongue,  termed  'hamulus,'  running  forwards  and 
outwards,  then  forwards  and  inwards,  to  articulate  with  the  so- 
caUed  '  lachrymal  tubercle '  of  the  superior  maxillary,  and  thereby 
complete  the  upper  openmg  of  the  naso-lachrymal  canal  ex- 
ternally.   (Plate  XXII.)    In  front  of  this  is  a  vertical  groove 
('lachrymal  gi'oove'),  which,  together  with  the  groove  on  the 
nasal  process  of  the  superior  maxilla,  lodges  the  naso-lachrymal 
sac  or  the  upper  dilated  end  of  the  duct  for  the  passage  of  the 
tears  mto  the  nose.    The  ridge  itself  gives  origin  to  the  '  tensor 
tarsi '  muscle.    The  bone  behind  the  ridge  is  smooth,  sKghtly 
concave,  and  forms  part  of  the  inner  wall  of  the  orbit.  The 
internal  or  nasal  surface  presents  a  slight  groove,  corresponding 
to  the  external  ridge.    The  surface  in  front  of  this  forms  part  of 
the  middle  meatus  of  the  nose  ;  that  behind  it  covers  the  anterior 
cfcUs  of  the  ethmoid  bone,  and  sometimes  a  small  cell  or  two  in 
the  frontal  bone. 

Boi'.D£P.s._The  superior  border  is  thin,  straight,  dentated, 
and  articulates  with  the  internal  angular  process  of  the  frontal 
bone.  Sometimes  we  notice  a  half-cell  in  it,  completed  by  the 
frontal.  The  anterior  border  is  the  strongest  border  It  is 
slightly  arched  forwards,  and  is  sharp  and  articular  to  join  the 
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inner  lip  of  the  posterior  border  of  the  nasal  process  of  the 
superior  maxilla.  The  inferior  border  posteriorly  is  thin  and 
rough  to  articulate  with  the  orbital  process  of  the  superior 
maxillary,  and  anteriorly  is  prolonged  downwards  as  a  process, 
termed  the  'angle  of  the  lachrymal,'  which  forms  the  inner 
wall  of  the  naso-lachrymal  canal,  and  articulates  with  the 
'  lachrymal  process  '  of  the  inferior  turbinated  bone.  The  jws- 
tej-ior  border  is  thin  and  uneven,  and  articulates  with  the  anterior 
border  of  the  os  planum  of  the  ethmoid. 

Connections.— The  lachrymal  bone  articulates  with  four 
bones,  viz.  the  frontal,  superior  maxillary,  ethmoid,  and  inferior 
turbinated.  Sometimes  the  '  hamular  process  '  is  developed  as  a 
separate  piece  of  bone,  and  called  the  '  lesser  lachrymal  bone.' 

Ossification.— It  has  one  centre  of  ossification,  which 
appears  about  the  eighth  week  of  foetal  hfe. 


PALATE  BONE. 
(Plates  XIII.  and  XIV.) 

Each  '  palate  bone '  is  wedged  in  between  the  pterygoid 
process  of  the  sphenoid  and  the  superior  maxHlary  bone.  Each 
forms  part  of  the  nasal  fossa,  of  the  orbit,  and  of  the  palate.  As 
the  palate  bone  somewhat  resembles  the  letter  L  in  shape,  we 
can  divide  it,  for  convenience  of  description,  into  a  '  horizontal ' 
and  a  'vertical  plate,'  with  an  'orbital'  and  a  'sphenoidal 
process '  rising  from  the  upper  border  of  the  latter  plate. 

Horizontal  Plate.— The  horizontal  plate  completes  the  bony 
palate  by  fitting  on  to  the  palate  plate  of  the  superior  maxillary 
bone.  It  is  quadrilateral  in  shape,  with  inferior  and  superior 
surfaces,  inclosed  by  anterior,  posterior,  internal,  and  external 

borders.  , 

SuRPACES.-The  inferior  surface  (Plate  XIV.  fig.  2)  presents 
a  transverse  ridge  for  the  attachment  of  the  aponeurosis  of  the 
'tensor  palati.'  The  rest  of  the  surface  is  smooth,  different 
therefore  from  the  under  surface  of  the  palatuae  process  of  the 


PLATE  XIII 


INTERNAL  VIEW  OF  PALATE  BONE. 


Maxillary. 


External  aspect. 
A  B 


  Zy|omatic  


Anterior 
atgpect. 


Sphenoidal. 


Nasal, 


posterior 
aspect. 


Et>iTnoida1_\  /ISpbenoidal. 


Internal  aspect. 

Dia|ramof  surfaces  of  Orbital  (A)S.Sp>ieTloidal  IB)processes  of  Palate  tone. 


Malar  canals 


Orbital  surface  . 


^inrf Tensor  Ur^i 


with  l»chrym«1  tubercle 
of  Superior  ma/illAry. 


LA£Hfty  MAL  BONE, 


MALAR  BONE. 


Drawn  on  Stone  "by  T.GodarL 
rrcm nature  "by  L  Holden  r)_:  j. 

Printed  by  We8t,NevmianiCo 


PLATE  XIV 


Oi-bital  surPace  ^^^"^^^^..Splienoidal  surface. 

Zygomatic  surFace  -^^^O^^i^pT' 

Q                                        \^  Jb^    •       Sphenoidal  process. 
Ppheno-palatme  fbramen  V  J- 

Tuberosity  ■d^^^'^^ 

complet mg  pterygoid  fbss'a  ^  --'""^^  '  Korizontal  plate. 

Rjsterior  view. 

Palate  bone, 

.UriFice  of  postenorpalatine  canal. 

^^^^^  I 

rlid^e  for  Tensor  pa.Ta.ti . 

Accessory  palatine  canals. 
U-n8e.r  surPace . 

EtVimoidal  surFace^^  Orbital  Surface. 

xv-j        Maxillary  surface. 

'ia9al  surface  of 
SpVierioKSal  process  . 

^'^•'Ji;iri  r>rpst  y  Jhuv' 

:'V^S>  -luberosiby. 

.A^iiterior  viffW 

■pv.^  r  -     ^^'"^  ^  T  Godart 

Printed  ty  WeBl.Ncwmori  k  Co 


PALATE  BONE 


109 


superior  maxillary  bone,  which,  we  remember,  was  very  rough. 
The  siqyerior  sm-face  is  smooth  and  slightly  concave,  thus  form- 
ing part  of  the  floor  of  the  nose. 

Borders. — The  anteiior  border  of  the  plate  is  serrated  and 
cut  obhquely,  so  as  to  articulate  with,  and  be  supported  by,  the 
palate  plate  of  the  superior  maxillary.  The  internal  border  firmly 
articulates  with  its  fellow,  and  by  means  of  a  half-crest,  made  a 
whole  one  by  the  apposition  of  the  half-crest  of  the  opposite 
bone,  precisely  Hke  the  corresponding  parts  in  the  superior 
maxillary  bone  (Plate  XXIII.  fig.  1),  supports  the  vomer,  and 
forms  a  basis  for  the  septum  of  the  nose.  Behind,  it  terminates 
in  a  pointed  process,  which  articulates  with  a  similar  one  on 
the  opposite  bone,  and  the  two  together  form  the  '  posterior  nasal 
spme  '  (Plate  XX.)  giving  origin  to  the  '  azygos  uvulte '  muscle. 
The  external  border  is  continuous  with  the  perpendicular  plate, 
and,  when  viewed  on  its  mferior  aspect,  shows  anteriorly  a 
smooth  notch,  or,  it  may  be,  a  complete  foramen,  the  lower  end 
of  the  'posterior  palatine  groove,'  for  the  passage  of  the  descend- 
ing palatine  vessels  and  the  large  palatine  nerve  from  the 
spheno-palatine  ganglion. 

Vertical  Plate. — The  vertical  plate  of  the  palate  bone  con- 
tributes to  form  the  outer  boundary  of  the  nasal  fossa.  It  is 
a  four-sided  plate,  elongated  vertically  and  resting  against  the 
posterior  part  of  the  inner  surface  of  the  body  of  the  superior 
maxillary  bone. 

Surfaces.— The  internal  (Plate  XIII.  fig.  1)  presents  from 
above  downwards,  first,  an  antero-posterior  ridge,  close  to  the 
upper  border  of  the  plate,  and  termed  the  '  superior  turbinated 
crest,'  to  the  fore  part  of  which  the  inferior  turbinated  process 
of  the  ethmoid  or  the  middle  turbinated  bone  of  the  articulated 
skull  is  joined ;  next,  a  smooth  antero-posterior  groove,  helpin" 
to  form  the  middle  meatus ;  next,  a  rough  ridge,  the  '  inferior 
turbinated  crest,'  running  from  behind  upwards  and  forwards, 
for  articulation  with  the  inferior  turbinated  bone;  and  lastly,' 
a  smooth  antero-posterior  groove  helping  to  form  the  inferior 
meatus  of  the  nose.  The  external  presents  a  smooth  groove  run- 
ning downwards  and  slightly  forwards  to  terminate  at  the  notch 
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already  described  upon  the  outer  border  of  the  horizontal  plate. 
The  groove  is  termed  the  '  posterior  palatine  groove,'  and  is  con- 
verted into  a  canal  by  a  corresponding  groove  upon  the  inner 
surface  of  the  superior  maxillary  bone.  In  some  bones  the  lower 
end  of  the  canal  is  formed  entirely  by  the  palate  bone.  The 
upper  end  of  the  groove  widens  and  makes  a  little  triangular 
surface  which  forms  the  inner  wall  of  the  spheno-maxillary  fossa. 
The  posterior  palatine  groove  lodges  the'  descending  palatine 
blood-vessels  and  the  large  palatine  nerve.  The  rest  of  the  ex- 
ternal surface  is  rough  and  articulates  with  the  superior  maxillary 
bone. 

BoBDEES.—  The  stqmior  supports  the  '  orbital '  and  the  '  sphe- 
noidal process'  at  its  anterior  and  posterior  extremity  respec- 
tively. Between  the  two  processes  it  forms  a  smooth  notch,  the 
'  spheno-palatine  notch  '  (Plate  XIV.)  forming  the  lower  part  of 
the  '  spheno-palatine  foramen '  of  the  united  skull,  and  giving 
passage  to  nasal  and  naso-palatine  branches  of  Meckel's  ganglion 
with  corresponding  arteries.  The  ijiferior  is  continuous  with  the 
horizontal  plate.  The  anterior  is  sharp  and  irregular.  It  helps 
to  close  the  opening  of  the  antrum  posteriorly,  and,  below  the 
level  of  the  inferior  turbinated  crest,  is  prolonged  forward  into  a 
-triangular  process  with  a  sharp  serrated  anterior  inferior  edge 
which  is  received  into  the  fissure  already  described  on  the  inner 
surface  of  the  superior  maxillary  bone.  The  process  is  termed 
the  '  maxillary  process,'  and  by  its  upper  part  it  helps  to  close 
-the  openmg  of  the  maxillary  sinus  inferiorly.  The  posterior  is 
sharp  and  rough  superiorly  where  it  articulates  with  the  front  of 
the  pterygoid  process  of  the  sphenoid.  Inferiorly  it  sweUs  out  into 
what  is  called  the  '  tuberosity  of  the  palate  bone.'  This  is  the 
thickest  and  strongest  part  of  the  whole  bone,  and  it  fits  into  and 
fills  up  the  '  notch '  which  is  seen  between  the  pterygoid  plates  of 
the  sphenoid.  Notice  also  that  its  posterior  aspect  presents  a 
groove  which  completes  the  pterygoid  fossa,  and  gives  origin  to  a 
part  of  the  '  pterygoideus  internus.'  The  groove  is  bounded  by 
two  rough  grooves,  which  diverge  from  each  other  Hke  the  letter 
V  reversed.  (Plate  X.  fig.  2.)  The  inner  groove  is  the  deeper 
and  more  vertical,  and  articulates  with  the  anterior  border  of  the 
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internal  pterygoid  plate  ;  the  outer  is  the  shallower  and  more 
oblique,  articulating  with  the  anterior  horder  of  the  external 
pterygoid  plate.  The  anterior  aspect  of  the  tuberosity  looks  out- 
wards as  well  as  forwards,  and  presents  a  very  rugged  sui-face 
which  articulates  with  the  tuberosity  of  the  superior  maxillary 
bone.  Behmd  this  rugged  surface  is  a  smooth  portion  continuous 
with  the  outer  surface  of  the  '  external  pterygoid '  plate ;  this 
smooth  part  gives  origin  to  some  of  the  fibres  of  the  'external 
pterygoid  '  muscle.  The  inferior  aspect  has  nothing  remarkable 
on  it,  except:  the  orifices  of  one  or  two  canals  large  enough  to 
admit  a  pm.  They  are  the  '  accessory  palatine  canals,'"  and- 
transmit  the  external  and  the  smaU  palatine  nerves  to  the  soft- 
palate. 

Tiu-n  now  yom-  attention  to  the  upper  part  of  the  palate  bone 
and  observe  that  at  the  top  of  the  vertical  plate  there  are  two 
processes  separated  by  a  deep  notch,  which  forms  the  greater 
part  of  the  '  spheno-palatine  foramen.'  One  of  these  processes- 
is  called  the  '  orbital,'  because  it  fills  up  a  Httle  corner  at  the  back 
part  of  the  orbit;  the  other  is  caUed  the  'sphenoidal,'  because  it 
fits  under  the  body  of  the  sphenoid  bone. 

Orbital  Process—The  '  orbital  process  '  springs  from  the  top 
of  the  bone  by  a  narrow  '  neck,'  and  is  hollow,  so  that  it  forms 
a  cell.  Ihe  cell  contains  ah-,  admitted  through  one  of  the  nos 
tenor  ethmoidal  cells.  This  Httle  process  has  surface  un- 
equal m  extent,  and  lookmg  in  different  directions.  If  you  Jd 
the  bone  before  you,  precisely  as  it  is  in  your  own  person  and  re  - 
rnember  that  .t  .  interposed  between  the  maxil  Jy  in  f^^ontlnd 
the  sphenoid  behmd,  you  will  have  no  difficulty  in /ecognisinl  the 
direction  of  the  surfaces  to  be  as  follows  (see  kte  XlTl  fig'  ^ 

downwards,  .rw^^ri;^^^^^^ 

snpenor  maxillary  bone;  the  postero-external  isZlTh 

tributes  to  form  the  bottom  of  the  zygoma!  w  T' 

ethmoid  presentmg  a  large  irregular  opening  throug I   wh M 
the  cavity  is  continuous  with  the  posterior  ethmoidZlls  the 
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'postero-internal  looks  backwards,  upwards,  and  slightly  inwards, 
occasionally  shows  a  second  opening  of  the  cell  contained  by  the 
process,  and  articulates  with  the  body  of  the  sphenoid. 

Sphenoidal  Process. —  This  is  a  somewhat  thin  plate  of 
bone,  which  arches  inwards  beneath  the  body  of  the  sphenoid,  and 
forms  part  of  the  outer  wall  of  the  nasal  fossa.  As  it  is  generally 
broken  in  the  separate  bone,  one  can  see  it  best  in  the  perfect 
skull.  (Plate  XX.)  The  arch  which  it  forms  has  four  surfaces : 
the  superior  or  sphenoidal,  articulating  with  the  body  of  the 
sphenoid  and  closing  in  the  pterygo-palatine  canal ;  the  internal 
or  nasal,  smooth,  and  formmg  part  of  the  upper  meatus  of  the 
nose  ;  the  antero-external  or  zygomatic,  helping  to  form  the  bottom 
of  the  zygomatic  fossa ;  the  postero-external,  looking  upwards  and 
outwards,  and  articulating  with  the  body  of  the  sphenoid. 

Spheno-palatine  Notch. — Eespecting  the  spheno-palatine 
notch,  we  need,  for  the  present,  merely  observe,  that  it  is  converted 
into  a  foramen  by  the  body  of  the  sphenoid  above  ;  and  that  the 
opening  so  made  leads  from  the  spheno -maxillary  fossa,  that  is 
the  bottom  of  the  zygomatic  fossa,  into  the  cavity  of  the  nose, 
and  transmits,  as  akeady  said,  the  nasal  and  naso-palatine  nerves 
with  their  corresponding  arteries.    (Plate  XXII.) 

Connections  The  palate  bone  articulates  with  six  bones— 

namely,  its  fellow,  the  sphenoid,  the  ethmoid,  the  inferior  spongy 
bone,  the  vomer,  and  the  superior  maxilla. 

Ossification.— It  is  developed  from  a  single  centre  of  ossi- 
fication, which  appears  at  the  angle  of  the  horizontal  and  vertical 
portions,  about  the  seventh  or  eighth  week  of  fcBtal  life. 


INFEKIOE    SPONGY    OE   TUEBINATED  BONE. 
(Plate  XV.  figs.  1  and  3.) 

In  each  nasal  cavity  there  are  three  spongy  or  turbinated 
bones— an  upper,  a  middle,  and  a  lower.  The  upper  and  middle 
form  part  of  the  ethmoid  bone,  and  have  been  akeady  described. 
We  have  now  to  examine  the  lower  one. 
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Its  Position  and  TTse.-This  thin  plate  of  bone  is  well 
called  'spongy,'  from  its  structure,  and  'turbinated,'  from  its 
curved  form.    By  referring  to  Plate  XXIII.  fig.  2,  you  see  it  in 
stfu,  and  observe  how  much  longer  it  is  than  either  of  the  others 
SuREACES.-Its  internal  surface,  forming  the  convex  part  of 
the  roU  looks  towards  the  septum  of  the  nose ;   its  external 
surface  forms  the  concave  part,  and  bounds  the  inferior  meatus 
of  the  nose    Both  surfaces  are  covered  with  little  ridges  and 
forrows,  and  more  or  less  horizontal  canals,  which  lodge  numerous 
Plexuses  of  arteries,  but  chiefly  of  veins.    This  quite  a" 
^nth  the  fr^nction  served  by  the  bone,  namely,  of  affordma  an 
adchtzonal  extent  of  sm^face  which  warms  the  ah>  on  its  „ 
o  the  lungs.   It  has  nothing  to  do  with  the  sense  of  smer  Th 

t^l^r  ''''        '^^^  '^le 

s^e  mto  thn-ds,  of  which  the  anterior  is  the  shortest.  Thl 
th^d  IS  sharp  and  rough,  and  slopes  downwards  and  forward 
artaculatrng  with  the  mferior  turbinated  crest  of  the  surrS 
maxmary  bone.    Its  posterior  third  is  also  shaiVand  T 
downwards  and  backwards  to  articulate  with  theTnfeX  uT 

^.ea^erj  .J^^ 

lachj-rmal  process  ;  •  one  attached  to  the  Lte,  L  !  ?  . 
projectmg  upwards  and  .hghtly  forwards  tr^     1  ""'y' 
„  of  the  ethmoid.  andLL  I  t  ethTo  dt^^^ 
and  another  attached  to  the  whole  length  of  the  ridt  th  ^■ 
angular  in  shape,  turning  down  like  a  L'ZT, 
the  lower  part  of  the  orifice  o   fte  antrum  n  Tf '° 
'  maxillary  process/    Notwithstan  tgThJse  ^umero 

t.ons,  the  bono  is  by  no  means  strongly  SinT"  V°"™°" 

the  dry  skull  it  often  falls  out  •  andin  tb7l     r  '  " 

a  polypus  from  the  nose,  it  s\;„  te  p  , 

.he  bone  or  even  the  entire  bon'o  witrrXr  it .^^^ 
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border  is  free,  rough,  thickened,  perhaps  containing  a  cell  or  two, 
and  stretching  nearly  horizontally  from  before  backwards  with 
a  sli-ht  sweep  downwards.  It  is  situated  about  half  an  inch 
above  the  floor  of  the  nose,  so  that  there  is  just  room  enough  to 
introduce  the  tube  of  a  stomach-pump  through  the  nasal  cavity 

Ossification.— The  bone  has  one  centre  of  ossification,  which 
appears  in  cartUage  about  the  fifth  month  of  foetal  hfe. 

Comparative  Osteolo^y.-See  the  remarks  at  the  end  of 
'  The  Ethmoid  Bone.' 


THE  VOMEE. 
(Plate  XVI.  fig.  1.) 


The  '  vomer  '  is  so  named  from  its  resemblance  to  a  plough- 
share It  is  a  thm  and  dehcate  plate,  situated  perpendicularly  m 
the  middle  line,  and,  together  with  the  perpendicular  plate  o  he 
ethmoid  bone,  forms  the  greater  part  of  the  bony  septum  of  the 

nose.    (Plate  XXIII.  fig.  1.)  .  ^  ... 

When  looked  at  from  the  side  the  vomer  is  four-sided  with  a 

very  sharp  anterior  mferior  angle. 

SuRFACES.-Both  its  lateral  surfaces  are  smooth  and  maiked 
by  gi-ooves  for  blood-vessels  and  nerves.    The  only  groove  deserv- 
inT^pecial  notice  is  one  which  descends  from  behmd  and  above, 
Twnwards  and  forwards  to  terminate  in  the  correspondmg  foia- 
len  of  Scarpa,  already  described  in  connection  with  the  supeiio 
Ta^ary  bone    The  groove  may  be  a  complete  canal  m  some 
Xaf  and  may  be  better  marked  on  one  side  than  on  the  othei 
Borders  -The  superior  border  expands  mto  two  al^e.  The 
outer  margL  of  these  '  wings '  articulate  with  and  are  overlapped 
bfthe  vagmal  plates  of  the  sphenoid,  and  the  s-oth  groove 
L'cluded  by  the  wings  rests  against  the  rostrum  of  the  spheiioi^ 
fib   us  tisL  containing  blood-vessels  i—ng  hetwe.^^^^^^^^^ 
Zo.    The  u^rior  border  in  its  posterior  three-fourths  or  so  lun 
nea  ly  straight  from  before  backwards,  and  is  rough  to  a— 
"thLcrest  formed  by  the  palate  and  ^-P^"- -^.^^"^fdo^- 
S  its  anterior  fourth  it  presents  a  deep  concavity  dn-ected  do^vn 
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wai-ds  and  forwards  to  articulate  with  the  particularly  high  part  of 
the  vomerine  crest  formed  by  the  superior  maxillary  bones.  The 
posterior  half  or  so  of  the  lower  border  is  thin  and  sharp,  and  is 
received  by  the  crest  formed  by  the  palate  and  superior  maxil- 
lai-y  bones.  In  the  anterior  half  the  lower  border  usually  spreads 
out  mto  two  httle  wings,  which  receive  from  below  the  crest  formed 
by  the  superior  maxillte.    The  alienor  border  slopes  from  behind 
downwai-ds  and  forwards.    It  is  usually  grooved  m  its  upper  half 
to  articulate  with  the  vertical  plate  of  the  ethmoid,  and  very 
frequently  so  m  its  lower  half  to  join  with  the  septal  cartHage  of 
the  nose.    The  posteiior  border  is  sharp  and  smooth,  branches 
somewhat  above,  and  is  shghtly  concave  downwards  and  back- 
wards as  It  runs  from  above  downwards  and  forwards.    It  forms 
the  boundary  between  the  posterior  openmgs  of  the  nasal  cavities. 

Connections—The   vomer  is  connected  with  six  bones 
Below,  It  articulates  with  the  crest  of  the  maxHlary  and  palate 
bones;  above,  with  the  lower  edge  of  the  rostrum  of  the  sphe- 
noid; m  front,  with  the  perpendicular  plate  of  the  ethmoid 
_     It  is  necessary  to  know  that  the  du-ection  of  the  vomer  is  not 
in  all  persons,  perpendicular.  In  100  skulls  the  vomer  was  found 
to  be  perpendicular  only  m  24.    There  are  instances  m  which  it 
projects  mto  one  side  of  the  nose  to  such  an  unusual  extent,  that 
when  covered  by  its  vascular  and  swollen  mucous  membrane  the 
projection  might  easily  be  mistaken  for  a  polypus.    Such  mis- 
takes  are  alluded  to  in  surgical  works.^^ 

Ossification  -The  vomer  is  developed  h-om  one  centre  of 
ossification,  which  appears  at  the  lower  and  back  part  of  the  sep- 
tum of  the  nose  about  the  eighth  month  of  foetal  hfe,  and  which 
gradnaUy  rises  up  as  two  plates,  one  on  each  side  of  the  middle 
Ime,  embracmg  the  septal  cartilage.  As  they  grow  upwards 
^ese  plates  fuse  with  one  another  from  below  upwards  anrfr  m 
beh  n  1  onvards.    At  the  age  of  puberty  we  fii^d  the  bone  on 

a"       n  -^^P^-  grooveTlZ 

tne  ai^e  and  the  smaller  one  usually  situated  on  the  anterior 
border.    Very  froquently  we  notice  that  the  ossification  ist^^^ 
plete  in  the  upper  and  anterior  half  of  the  bone  and  tbnTT 
bone  m  that  region  consequently  presents  a  ro^^h',  open,  cell^ 

I  2 
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appearance.  Indeed,  in  some  cases  we  may  find  that  it  is  com- 
pletely perforated,  so  that  the  nasal  fossae  of  opposite  sides 
communicate  with  one  another  m  the  bony  state. 


INFEEIOE    MAXILLAEY  BONE. 
(Plate  XVII.) 

For  convenience  of  description  we  divide  the  lower  jaw  into 
the  arched  part  in  front,  the  'body'  or  ' horizontal  ramus,'  and 
two  ascendmg  parts  behind,  the  '  ascending  '  or  '  vertical  rami. 
At  the  top  of  each  vertical  ramus  are  the  '  condyle '  or  articular 
surface,  the  '  coronoid  process  '  for  the  insertion  of  the  temporal 
muscle,  and  the  '  sigmoid  notch.' 

Body  or  Horizontal  Ramus.-SuRFACES.-The  anterior  or 
convex  surface  of  the  body  presents,  m  the  middle  line,  a  s  ight 
ridge  the  '  symphysis,'  which  is  the  strongest  part  of  the  bone 
and  indicates  where  the  two  halves  of  the  bone  have  grown  to- 
gether.   Its  direction  is  vertical  or  even  projects  forwards:  this 
is  one  of  the  characteristics  of  man,  who  alone  has  a  chm.  ihe 
^  symphysis  '  terminates,  below,  in  the  triangular  'mental  pro- 
cess '    On  each  side  of  the  symphysis  is  a  slight  depression  the 
'mental  fossa,'  which  gives  origin  to  the  '  levator  menti.;  More 
externally,  and  generally  in  a  line  with  the  second  bicuspid  tooth, 
is  the  '  mental  foramen,'  which  transmits  the  '  men  al  branches 
of  the  inferior  dental  nerve  and  artery,  and  forms  the  lower  opening 
of  the  '  dental  canal.'    From  the  base  of  the  rnenta  proces  w 
race  the  'external  oblique  line'  running  upwards 
to  become  continuous  with  the  anterior  border  of  he  vei^^^^^^^ 
ramus     From  it  we  find  the  '  depressor  anguh  oiis    ausm,  . 
above  t,  the  '  depressor  labii  inferioris  ; '  and  below  it  the  inser- 
tion of  the  'platysma  myoides.'    Along  the  alveolar  bord^ 
IdTacent  to  the  three  molar  teeth  is  one  of  the  origms  of  the 
t—,'  and  outside  the  mental  fossa,  on  th^  ridge  co.^ 
spending  to  the  socket  of  the  canine  tooth,  a  fev^^of  the  deep 
fibres  of  the  '  orbicularis  oris  '  take  their  attachment. 

The  posterior  surface  of  the  body  is  concave  from  side  to  side. 
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In  the  middle  line  in  front  it  shows  a  narrow  vertical  groove 
with  a  nutrient  foramen  or  two  in  it  inferiorly,  and  a  plane 
surface  superiorly,  indicating  the  symphysis  menti.    Placed  on 
each  side  of  the  lower  half  of  the  middle  line  we  have  two 
rough  tubercles,  one  above  the  other,  and  close  by  the  lower 
border  of  the  bone  an  oval,  rough,  shallow  depression.  The 
tubercles    are   named  the   '  superior '   and   '  inferior  genial 
tubercles  '  for  the  attachment  of  the  '  genio-hyoglossus  '  and 
'  genio-hjwl '  muscles  respectively— the  shallow  rough  depres- 
sion the  '  digastric  fossa '  for  the  attachment  of  the  digastric 
muscle.    Very  fi-equently  the  four  genial  tubercles  are  confluent 
and  appear  as  one  irregular  vertical  ridge  on  the  posterior 
aspect  of  the  symphysis.    Leading  obHquely  upwards  and  back- 
wards from  the  lower  genial  tubercle,  to  become  continuous  with 
the  inner  lip  of  the  anterior  border  of  the  vertical  ramus,  is  the 
'  internal  obHque  Hne '  or  '  mylo-hyoid  ridge,'  for  the  attachment 
of  the  '  mylo-hyoid  '  muscle,  and  quite  at  its  posterior  extremity 
the  'superior  constrictor'  of  the  pharynx.    The  part  of  the 
surface  below  the  ridge  is  rather  concave  and  smooth,  and, 
because  it  lodges  the  submaxiUary  gland,  it  is  named  the  '  sub- 
maxiUary  fossa.'    In  it  we  notice  a  few  small  nutrient  foramina, 
directed  towards  the  symphysis.    Above  the  ridge  is  the  place 
for  the  sublmgual  gland,  hence  termed  the  '  sublingual  fossa.'  It 
is  not  so  well  marked  as  the  submaxillary  fossa.   These  '  oblique ' 
'  lines  '  or  '  ridges '  on  the  two  surfaces  of  the  body  are  something 
more  than  mere  muscular  impressions.    They  indicate  the  limit 
between  the  '  alveolar '  part  which  contains  the  teeth,  and  the 
lower  or  '  basilar '  part  of  the  jaw.    These  distmctions  are  made 
because  these  parts  come  and  go  at  different  periods  of  life.  In 
infancy  there  is  only  the  alveolar  part;  towards  puberty  the 
basilar  part  slowly  grows  to  perfection  :  in  old  age  when  the 
teeth  fall  out,  and  their  sockets  are  absorbed,  the  basilar  part 
alone  remains,  and  the  chin  gradually  approximates  the  nose 
The  absorption  of  the  sockets  (alveoli),  which  is  natural  in  old 
persons,  often  occurs  prematurely.    It  is  apt  to  arise  from  long 
salivation,  scurvy,  or  purpura,  and  is  frequently  hereditary 
BoRDER9.-The  in/mor  border  of  the  body  forms,  in  front  the 
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base  of  the  mental  process.  Laterally  it  is  rounded  and  rough 
for  the  attachment  of  the  '  platysma  '  muscles.  As  the  posterior 
extremity  of  the  border,  on  each  side,  becomes  continiTOUs  with 
the  corresponding  lower  margin  of  the  vertical  ramus,  it  forms 
the  anterior  half  of  the  groove  of  the  passage  of  the  facial  artery 
on  to  the  face.  The  ujJj^er  border  is  narrower  in  front  than  behind 
and  is  marked  by  sockets  for  the  teeth. 

Teeth.— The  teeth  in  the  lower  jaw  correspond  in  number 
(eight  on  each  side)  with  those  in  the  upper,  but  differ  from  them 
in  these  particulars  :  1.  The  first  two  lower  molars  have  only  two 
fangs,  an  anterior  and  posterior,  while  the  upper  molars  have 
three.    In  the  thhd  molar  or  wisdom  tooth  the  fangs  are  often 
consolidated  into  one ;  2.  When  the  mouth  is  closed  the  teeth 
of  the  lower  jaw  shut  within  those  of  the  upper  jaw,  which  form 
a  larger  arch;  3.  The  external  tubercles  or  cusps  of  the  teeth  of 
the  lower  jaw  fit  into  the  hollows  between  the  external  and  m- 
ternal  cusps  of  the  teeth  of  the  upper  jaw ;  by  which  arrange- 
ment we  are  enabled  to  use  the  entire  surface  of  the  opposmg 
teeth  in  grmding  the  food.    When  the  jaws  are  closed,  each 
tooth  m  one  jaw  is  opposed  by  two  hi  the  opposite  jaw;  one 
good  result  of  this  is,  that  when  we  lose  a  tooth,  the  correspondmg 
tooth  in  the  other  jaw,  being  still  more  or  less  opposed,  is  still 
of  service  in  mastication. 

Vertical  Ramus  .—The  vertical  ramus  of  the  jaw  mounts  up 
from  each  of  the  posterior  ends  of  the  body  at  nearly  a  right 
an-le  in  adult  age,  when  the  upper  and  lower  jaws  are  kept 
well  apart  behind  by  the  molar  teeth.  In  mfancy,  before  the 
development  of  the  molars,  and  m  age,  when  they  are  lost,  the 
-angle 'between  horizontal  and  vertical  rami  becomes  obtuse. 
Excluding  the  outstanding  processes,  the  vertical  ramus  is  quad- 
rilateral. ^       1, 1 

Surfaces.— The  outer  surface  is  smooth  above  and  rough  below 
and  behind.  It  gives  msertion,  in  almost  the  whole  of  its  ex- 
tent, to  the  '  masseter  '  muscle  (fig.  1).  Its  posterior  and  mferior 
angle  is  always  turned  more  or  less  outwards.  The  internal  surface 
(fig  2)  is  concave  from  before  backwards  and  very  slightly  so 
rom  above  downwards  and  forwards.    A  little  above  the  middle, 
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is  the  large  '  dental  foramen,'  or  the  upper  aperture  of  the  in- 
ferior dental  canal  for  the  transmission  of  the  inferior  dental 
nerve  and  artery.    Leading  from  above  and  behind  downwards 
and  forwards  to  this  foramen  is  a  broad  shallow  groove  for  the 
passage  of  the  same  nerve  and  artery,  and  running  from  the  fora- 
men downwards  and  forwards,  to  lose  itself  in  the  submaxUlary 
fossa  of  the  body,  is  a  small  narrow  groove  for  the  passage  of  the 
mylo-hyoid  nerve  and  artery,  and  termed  the  '  mylo-hyoidean 
groove.'    Below  the  dental  foramen  and  these  two  grooves,  the 
surface  is  rough  for  the  msertion  of  the  '  internal  pterygoid ' 
muscle;  above  them  the  surface  is  smooth,  excepting  in  the  im- 
mediate neighbourhood  of  the  superior  and  anterior  borders, 
where  it  is  rough  for  the  insertion  of  the  '  temporal '  muscle  The' 
anterior  and  internal  lip  of  the  dental  foramen  rises  up  into  a 
sharp  projection  caUed  the  '  dental  spine  '  for  the  attachment  of 
the  mternal  lateral  ligament  of  the  jaw. 

BoRDERs.-The  anterior  border  presents,  in  its  upper  half 
which  IS  h-ee,  the  appearance  of  a  vertical  groove  with  an  outer 
and  an  inner  lip.  The  outer  lip  is  the  more  prominent  and  is  con- 
tmuous  superiorly  with  the  anterior  border  of  the  coronoid  pro- 
cess  and  mferiorly  with  the  external  obhque  line  of  the  body  The 
inner  hp  is  the  roimder  and  flatter  of  the  two;  it  is  continuous 
mfenor  y  with  the  mternal  obhque  line  of  the  body  and  superiorly 

Both  hps  of  the  gx-oove  between  give  attachment  to  the  temporal 
muscle,  exceptmg  interiorly  just  behmd  the  last  molar  tooth 

tf^ScTtb  J--'  -  ^ttle  vertical  crest  rismg  up,' 

o  .hich  the   buccmator '  is  attached,  and  which  is  named  th^ 
buccinator  crest  '    The  lower  half  or  so  of  the  anterior  borde 
IS  contmuous  with  the  body  of  the  bone.     The  poster 
bc.^  is  smooth  and  rounded  superiorly,  rough  and~ 

tt  conl'l.  •  T''  °'  j^^*         the  root  of 

the  ondy  Old  process  shows  a  smooth  groove  continuous  with  the 

maxuiary  artery.  The  narrow  rough  part  of  the  border  affords 
insertion  to  the  '  masseter '  externally  and  to  the  '  inCal  e  '^ 
gold  internally.  The  i.^no.  border  is  continuous  wit^U^^^^^^^^^^^^^ 
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border  of  the  body,  and  is  rough  behind  for  the  attachment  of 
the  two  last  named  muscles.  Ajiteriorly  it  presents  a  smooth 
shallow  half-groove,  made  a  whole  one  by  the  opposition  of  the 
corresponding  half  on  the  lower  border  of  the  body,  for  the 
passage  of  the  facial  artery.  The  superior  border  supports  the 
neck  of  the  condyle  posteriorly,  the  root  of  the  coronoid  process 
anteriorly,  and  makes  the  bottom  of  the  sigmoid  notch  between 
these  processes. 

The  angle  of  the  lower  jatv  is  formed  by  the  meeting  of  the 
posterior  with  the  inferior  border  of  the  vertical  ramus.  In  the 
adult  jaw  it  is  rather  more  than  a  right  angle.  In  mfancy  and 
in  old  age  it  becomes  much  more  obtuse,  for  reasons  we  have 
previously  mentioned. 

Condyloid  Process. — This  process  projects  from  the  posterior 
and  superior  angle  of  the  vertical  ramus  to  form  the  joint  of  the 
jaw,  and  fits  into  the  glenoid  cavity  of  the  temporal  bone,  a  pad 
of  fibro- cartilage  intervening  between  the  two  in  the  recent  state. 
The  upper  part  of  the  process  is  the  '  condyle,'  and  the  con- 
tracted part  supporting  it  is  called  the  '  neck  of  the  jaw '  or  the- 
'  neck  of  the  condyloid  process.'    The  condyle  is  oblong  in  form, 
and  convex  both  from  without  inwards  and  from  before  back- 
wards.    The  long  axis  is  directed  from  without  backwards, 
inwards,  and  slightly  upwards.    In  some  jaws  the  long  axis  is- 
horizontal,  and  in  a  stUl  fewer  number  the  outer  end  of  the 
condyle  is  a  little  higher  than  the  inner.   The  outer  extremity  of 
the  condyle  is  termed  the  '  tubercle '  for  the  attachment  of  the 
external  lateral  ligament.    The  neck  is  flattened  in  the  same 
du:ection  as  the  condyle,  and  is  shghtly  excavated  in  front,  form- 
ing the  '  pterygoid  fossa  '  for  the  insertion  of  the  '  pterygoideus 
externus '  muscle. 

The  obhque  direction  of  the  condyles  of  the  jaw  renders  easy 
the  rotatory  movement  necessary  in  mastication.  In  masticat- 
ing we  can' readily  feel  that  one  condyle  advances  towards  the 
anterior  margin  of  its  glenoid  cavity,  while  the  other  recedes  to- 
the  posterior. 

Coronoid  Process.— The  coronoid  process  is  a  triangular,, 
lofty  plate  of  bone  which  rises  upwards  and  slightly  outwards- 
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from  the  anterior  superior  angle  of  the  vertical  ramus  beneath 
the  zygomatic  arch  and  increases  the  leverage  of  the  '  temporal ' 
muscle.    Its  external  surface  is  smooth,  and  is  occupied  by  the 
'  masseter '  muscle,  except  close  to  the  anterior  and  posterior 
margins,  where  a  few  fibres  of  the  temporal  are  attached.  The 
internal  surface  is  rougher,  shows  the  gradual  fading  off  from 
below  upwards  of  the  inner  Up  of  the  anterior  border  of  the 
vertical  ramus,  and  gives  insertion  to  the  '  temporal '  muscle.  Its. 
anterior  border  is  sharp  and  continuous  with  the  outer  lip  of  the 
anterior  border  of  the  vertical  ramus;  its  posterior  is  also  sharp 
and  forms  the  anterior  part  of  the  sigmoid  notch.    Both  these 
borders  and  the  apex  between  them  afford  attachment  to  the 
temporal  muscle.    Its  base  or  inferior  border  is  contmuous  with 
the  rest  of  the  bone. 

SiGAioiD  NoTCH.-This  is  a  semilunar  space  left  by  the  rising 
up  of  the  coronoid  and  condyloid  processes  anteriorly  and  pos- 
teriorly, and  transmits  the  small  masseteric  vessels  and  nerve 

Structure—The  walls  of  the  lower  jaw,  particularly  at  the 
basilar  part,  are  exceedingly  compact  and  tough.    In  operations 
for  removal  of  this  part  of  the  bone,  it  is  necessary  to  use  the 
saw  freely,  before  the  bone-forceps  can  be  of  any  service  The 
mterior  assumes  the  form  of  'diploe,'  and  is  traversed  by  the 
mfenor  dental  canal,'  which  carries  the  vessels  and  nerves  to 
he  teeth  (^^  or.  Hum.  Ost.  No.  234).    This  canal  begins  on  each 
side  on  the  inner  side  of  the  ramus,  curves  forwards,  beneath  the 
sockets  of  the  teeth,  and  opposite  the  interval  between  the  fii-st 
and  second  bicuspid  tooth  curves  backwards,  upwards,  and  out- 
wards to  terminate  on  the  anterior  surface  of  the  body  as  the 
raenta  foramen    From  the  convexity  of  the  curve  a  small  canal 
mns  towards  the  symphysis  menti,  giving  off  smaUer  canals 

OB8iflcatlon.-Each  lateral  half  of  the  lower  jaw  is  repre- 
sented m  the  early  fcetus  by  what  is  called  the  '  first  visceral 
arch,'  or  •  cartilage  of  Meckel.'  In  the  process  of  deveb^^^^^^^^^ 
the  proximal  part  of  this  cartilage  is  converted  into  the  '  malleus ' 
bone  of  the  middle  ear.    The  distal  part,  mostly  by  the  growth 
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of  bone  round  the  cartilage,  but  slightly  by  a  direct  ossification  of 
the  cartilage  itself,  is  converted  into  one  half  of  the  lower  jaw. 
The  part  between  these  two  end  portions  becomes  the  '  internal 
lateral  hgament'  of  the  temporo-maxillary  articulation.  The 
bony  lower  jaw  begins  to  be  formed,  with  perhaps  the  exception  of 
the  clavicle,  earlier  than  any  other  bone  m  the  body.  For  each 
of  the  lateral  halves  of  the  bone,  we  find  that  several  osseous 
nuclei  appear  about  the  sixth  week  of  foetal  life  in  the  membrane 
which  invests  Meckel's  cartilage.  These  nuclei  speedily  join  one 
another  and  form  a  large  plate  outside,  and  a  smaller  one  inside 
Meckel's  cartilage.  The  smaller  plate  forms  the  inferior  dental 
canal  and  the  inner  wall  of  the  sockets  for  the  teeth.  The 
symphysis  end  of  each  half  of  the  body  is  formed  by  a  direct 
ossification  of  the  corresponding  part  of  Meckel's  cartilage.  The 
condyle  and  part  of  the  vertical  ramus  are  formed  by  ossification 
of  cartilage  Jiot  connected  with  Meckel's,  and  the  junction  of  the 
two  lateral  halves  of  the  body  at  the  symphysis  does  not  take 
place  till  the  first  year  after  birth. 

In  infancy  the  body  is  swollen  and  larger  in  proportion  to  the 
vertical  ramus  than  it  is  in  the  adult.  The  alveolar  portion  is 
broad  and  thick,  on  account  of  its  containing  the  growing  teeth, 
the  mental  foramen  being  thereby  thrown  nearer  the  lower  than 
the  upper  border  of  the  body.  The  vertical  ramus  is  thin  as 
compared  with  the  body,  and  the  angle  obtuse.  In  old  age  the 
whole  bone  is  attenuated.  The  alveolar  portion  disappears 
almost  entirely  by  its  absorption,  consequent  on  the  fallmg  out  of 
the  teeth.  The  mental  foramen,  consequently,  is  situated  nearer 
the  upper  than  the  lower  borders  of  the  body,  and  the  '  angle  ' 
becomes  obtuse.  In  the  adult  jaw,  as  we  have  aheady  described, 
the  mental  foramen  is  situated  about  midway  between  the  upper 
and  the  lower  borders  of  the  body,  and  the  angle  is  very  little 
more  than  a  right  angle. 

Connections.— The  lower  jaw  articulates  with  the  glenoid 
fossa  of  the  temporal  bones,  and  has  lodged  in  it,  in  the  fully 
formed  state,  four  incisor,  two  canine,  four  bicuspid,  and  six 
molar  teeth. 

Comparative  Osteolo^y.-In  the  order  Monotremata,  ob- 
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serve  that  there  is  scarcely  any  bend  or  inflexion  in  the  lower  jaw 
(No,  3964) .  The  jaw  of  the  anteater  is  also  straight,  thus  greatly 
resembling  that  of  the  pelican  (see  Sep.  Ser.) 

In  snakes  (Ophidia)  the  two  halves  of  the  lower  jaw  are  not 
imited  by  bone,  but  held  together  by  an  elastic  Hgament,  which 
permits  the  two  halves  of  the  jaw  to  be  separated  from  each 
other  sideways  to  a  considerable  extent.  This  is  one  of  the  many 
arrangements  by  which  the  boa  is  enabled  to  swallow  its  prey 
though  larger  than  its  own  body.  This  is  shown  in  the  specimen 
of  the  tiger-boa  (No,  602). 

In  the  lower  animals  the  two  halves  of  the  jaw  generally 
remain  separate  throughout  Hfe.  In  all  mammaha  each  half  of 
the  lower  jaw  consists  of  a  single  piece  which  articulates  with  the 
squamosal  bone  of  the  skuU.  In  all  below  the  mammals  it  articu- 
lates with  a  modified  malleus  caUed  the  quadrate  bone.  This  is 
weU  seen  in  the  skuU  of  the  ostrich  and  other  birds  in  the  Separate 
Series. 

[For  some  interesthag  points  as  to  the  relation  between  the 
size  of  the  coronoid  process  and  the  temporal  fossa  the  student 
should  read  the  Comparative  Osteology  paragi-aph  at  the  end  of 
the  chapter  on  '  The  Skull  as  a  Whole.'] 

It  has  been  said  that  man  is  the  only  creature  which  has  a 
chm.  It  IS  most  distinct  in  the  Caucasian  race,  becomes  faintly 
marked  m  the  Negro,  and  does  not  exist  in  the  Apes. 

Eodentia  have  never  more  than  two  incisors  in  the  lower  jaw  • 
and  usually  only  two,  but  sometimes  four,  in  the  upper  IVhen 
there  are  four  incisors  in  the  upper  jaw,  as  in  hares  and  rabbits 
there  are  two  small  ones  behind  the  two  large  ones  (No.  3285) 
These  incisors  have  a  persistent  pulp,  and  continue  to  grow  in 
adult  hfe.    They  have  no  canines. 

Camivora  have  milk  and  permanent  teeth,  which  are 

mX!        ^"'^    ^^""^^^  ''''''''''  ^'^'^ 

In  elephants  the  teeth  consist  of  tusk-hke  incisors,  growing 
from  persistent  pulps,  and  molars.  ^ 

Look  at  the  lower  jaw  of  the  crocodile  (No.  717  D)  and  see 
how  greatly  the  angle  projects  backwards.    This  projection  is  for 
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the  insertion  of  the  digastricus,  the  muscle  which  opens  the 
mouth,  and  which  acts  upon  the  jaw  as  a  lever  of  the  first  order. 
In  man  it  acts  as  a  lever  of  the  second  order,  as  it  is  inserted  near 
the  symphysis. 

To  appreciate  the  mechanism  of  the  lower  jaw,  look  at  the 
form  of  the  joint  in  animals.    In  them  it  varies  according  to  the 
Fig  14         structure  of  their  teeth  and  the  food  they  eat. 

There  are  three  principal  types  of  it :  the  car- 
nivorous, the  ruminant,  and  the  rodent.  The 
■  carnivorous  type  is  a  simple  transverse  hinge  : 
this  form  is  well  seen  in  the  badger  (No.  751), 
where  the  condyle  of  the  jaw  is  mechanically 
locked  in  its  socket.  It  is  shown  in  fig.  14, 
where  G  represents  the  shape  of  the  glenoid  cavity,  and  C  the 
shape  of  the  condyle  which  fits  into  it.  The  ruminant  type 
presents  a  socket  and  a  condyle  nearly  flat,  so  as  to  admit  of  the 
lateral  movement  necessary  for  grinding  the  food.  This  form 
is  see  i  in  fig.  15,  which  is  taken  from  the  sheep  (No.  1250). 
15  In  the  rodent  type  there  is  a  longitudinal  groove 
Br  in  the  temporal  bone  in  which  the  condyle  plays 
from  before  backwards  like  a  plane.  Fig.  16  shows 
the  corresponding  surfaces  of  the  glenoid  cavity  (G) , 
and  the  condyle  (C),  in  the  capybara  (No.  3276). 

The  joint  of  the  lower  jaw  in  man  partakes 
somewhat  of  the  nature  of  these  three  types  :  we 
can  move  our  jaw  mthe  vertical  direction,  from  side  to  side,  and 
from  before  backwards.  The  teeth  of  man  are  likewise  inter- 
Fia.  16.  mediate  in  structure  between  those  of  carnivorous 
and  those  of  ruminant  animals.  Man  is  adapted, 
by  his  dentition,  to  eat  animal  or  vegetable  food, 
and  is  said  to  be  omnivorous.  But  the  presence  of 
grinding,  tearing,  and  cuttuag  teeth,  equally  de- 
veloped, in  the  jaws  of  any  animal,  is  no  proof  that 
he  is  omnivorous.  Monkeys  have  large  canmes,  yet 
live  on  vegetables  ;  all  bats  possess  well-formed  in- 
cisors, canines,  and  molars,  yet  some  are  purely  frugivorous,  whilst 
the  British  species  live  entirely  on  insects. 
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THE  SKULL  AS  A  WHOLE. 

The  examination  of  the  Skull  as  a  whole  is  easy  and  intelligible, 
provided  the  individual  bones  have  been  carefully  studied. 

Course  of  Sutures — A  knowledge  of  the  eoui-se  of  the  sutures 
is  of  practical  value— 1,  because  it  enables  us  to  say  with  precision 
in  what  direction  the  head  of  the  child  is  presenting  during  labour  ; 
2,  because  m  injuries  of  the  skull  we  must  not  commit  the  error 
of  mistaking  a  suture  for  a  fracture.^^ 

Coronal  Sutuee.— The  '  coronal  suture '  (Plate  XVIII.)  (fronto- 
parietal) connects  the  fi-ontal  with  the  parietal  bones.  It  extends 
transversely  across  the  top  of  the  skull,  from  the  great  wing 
of  the  sphenoid  on  one  side  to  the  other.  In  the  middle  the 
frontal  overlaps  the  parietal  bones,  but  at  the  sides  the  parietals 
overlap  the  frontal,  by  which  arrangement  the  bones  are  locked 
together. 

Sagittal  SuTURE.-The  'sagittal  suture'  (inter-parietal)  con- 
nects the  two  parietal  bones.  It  runs  backwards,  in  the  middle 
line,  from  the  frontal  to  the  occipital  bone.  This  suture  is  much 
serrated,  except  near  the  parietal  foramina,  where  it  is  always 
much  straighter  than  elsewhere.^^ 

Frontal  SuTURE.-The  '  frontal  suture '  is  formed  by  the  union 
of  the  two  halves  of  the  frontal  bone.  It  runs  down  the  middle 
of  the  forehead,  from  the  sagittal  suture  to  the  root  of  the  nose  It 

'r2;r(Sr^?is:?"' — 

Wdoid  SuTURE.-The  Mambdoid  suture'  (Greek  letter 
bone  "        unites  the  two  parietals  to  the  occipital 

Occipito-Mastoid  SuTURE.-The  '  occipito-mastoid  suture.'  ^» 
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apparently  a  continuation  of  the  lambdoid,  connects  the  occipital 
with  the  mastoid  portion  of  the  temporal  bone. 

Masto-Paeietal  Suture. — The  mastoid  part  of  the  temporal 
is  connected  to  the  posterior  inferior  angle  of  the  parietal  bone 
by  the  '  masto-parietal  suture.' 

Squamous  Suture. — The  squamous  part  of  the  temporal  is 
connected  to  the  parietal  bone  by  the  '  squamous  suture '  (squamo- 
parietal) ;  and  to  the  great  wing  of  the  sphenoid  by  the  '  squamo- 
sphenoidal '  suture.  The  squamous  bone  so  overlaps  the  parietal 
as  to  strengthen  the  arch  of  the  skull  at  the  sides,  and  prevent 
the  lateral  expansion  of  the  buttresses. 

Transverse  Frontal  Suture. — Of  the  sutures  which  connect 
the  bones  of  the  cranium  with  the  face,  the  chief  one  is  the 
'  transverse  frontal  suture.'  It  extends  from  the  external  angular 
process  of  the  frontal  bone,  from  one  side  to  the  other,  across 
both  orbits  and  the  root  of  the  nose  (Plate  XYI.)  It  connects 
the  frontal  with  the  malar,  sphenoid,  ethmoid,  lachrymal,  supe- 
rior maxillary,  and  nasal  bones.  Other  short  sutures,  such  as 
the  '  spheno-malar,'  '  spheno-parietal,'  '  zygomatic,'  &c.,  speak  for 
themselves. 

A  knowledge  of  the  sutures  is  of  practical  value  in  midwifery. 
Thus  when  we  feel  the  meeting  of  the  three  sutures  at  the  top  of 
the  occipital  bone,  we  know  that  the  back  of  the  head  presents  ; 
if,  again,  we  feel  the  '  anterior  fontanelle,'  or  lozenge-shaped  space 
where  four  sutures  meet  (Plate  XVIII.),  we  know  it  is  a  fore- 
head presentation. 

THE  SKULL-CAP. 

Skull-Cap  :  Outer  Surface. — The  skuU-cap  forms  an  oval 
dome  which  protects  the  brain  with  its  greatest  breadth  about 
the  parietal  protuberances.  In  a  well-formed  European  head,  if 
we  look  at  the  skull-cap  from  above  (the  beginning  of  the  sagittal 
suture  being  in  the  centre  of  the  perspective  plane),  we  see 
scarcely  anything  but  the  smooth  expanded  vault  of  the  cranium. 
But  in  the  Negro  and  the  Australian,  the  narrowness  of  the 
temples  allows  the  zygomata  to  come  into  view,  and,  in  the  most 
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'  prognathous  '  examples,  the  incisor  teeth  appear  in  front  of  the 
frontal  sinuses. 

Foramina. — On  the  outer  surface  of  the  skull-cap  are  a  mul- 
titude of  small  foramina,  which  transmit  blood-vessels  from  the 
pericranium  into  the  substance  of  the  bone.  Hence,  if  this  mem- 
brane be  torn  off  during  life,  the  bone  bleeds  through  minute 
pores.  On  each  side  of  the  sagittal  suture  is  the  '  parietal  fora- 
men,' \f Inch  transmits  a  vein  from  the  superior  longitudinal  sinus 
to  the  outside  of  the  skull ;  sometimes  a  small  artery  runs  with 
it,  and  communicates  with  a  branch  of  the  middle  meningeal. 

Tempoeal  Eidge.— Along  the  side  of  the  skull-cap  is  a  curved 
line,  the  temporal  ridge  (Plate  XV.)  (or  ridges,  as  described  in 
connection  with  the  temporal  bone),  which  indicates  the  attach- 
ment of  the  temporal  aponeurosis  to  the  frontal  and  parietal 
bones,  and  the  limit  of  the  attachment  of  the  '  temporal '  muscle 
to  the  fossa  of  the  same  name. 

Temporal  Fossa.— The  ridge  circumscribes  the  'temporal 
fossa,'  which  is  formed  by  the  frontal,  parietal,  temporal,  sphenoid, 
and  malar  bones.  The  fossa  gives  origin  to  the  temporal  muscle,' 
of  which  the  tendinous  rays,  converging  beneath  the  zygoma,  are 
mserted  into  the  coronoid  process  of  the  lower  jaw.  The  size  of 
the  temporal  fossa  in  all  animals  depends  upon  the  size  of  the 
temporal  muscle.    Hence  it  is  largest  in  the  carnivora. 

Skull-Cap !  Inner  Surface— On  the  inner  surface  of  the 
skuU-cap  we  observe-1,  the  groove  in  the  middle  line,  which 
gradually  becomes  broader  as  we  trace  it  backwards,  for  the 
superior  longitudinal  sinus;  2,  on  either  side  of  this,  especially 
m  old  skulls,  are  a  number  of  irregular  excavations,  occasioned 
by  the  'Pacchionian  bodies; '  -  3,  grooves  for  the  ramifications 
of  the  middle  meningeal  artery.    The  main  groove,  at  first  some- 
times a  complete  canal,  is  seen  at  the  anterior-inferior  angle  of 
the  panotal  bone  ;  from  thence  it  spreads  widely  over  the  frontal 
and  parietal  bones,  one  branch  of  considerable  size  traversing 
he  postenor-mfenor  angle  of  the  parietal  above  the  groove  for 
the  lateral  sinus.    In  fractures  of  the  skull,  the  arteries  running 
m  these  grooves  are  liable  to  be  injured,  and  thus  occasion  an 
ettusion  of  blood,  producing  compression  of  the  brain. 
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Thickness  of  the  SkuU-Cap. — The  skull-cap  differs  in  thick- 
ness in  different  parts.  This  is  easily  ascertained  by  holding  it  to 
the  light.  As  a  rule,  it  is  thicker  in  parts  which  were  the  centres 
■of  ossification — as  at  the  frontal  and  parietal  eminences.  It  is 
thinnest  in  the  temporal  region.  The  ordinary  thickness  of  an 
adult  skull  is  about  one-fifth  of  an  inch,  though  it  varies  very 
much  at  different  periods  of  life.  Skulls  vary  in  thickness,  even 
in  persons  of  the  same  age,  and  this  without  any  obvious*  reason. 
Old  age  causes  general  thinning  of  the  skull,  as  it  does  all  bones 
in  the  body,  by  a  process  of  absorption ;  while  certain  diseased 
states  occasion  either  general  or  partial  thickening  or  thinning  of 
the  skull. 

Cerebral  Impressions, — The  inner  surface  of  the  skull-cap  is 
marked  by  the  cerebral  convolutions,  so  that  it  takes,  to  a  certain 
extent,  an  impression  of  the  brain.  But  it  cannot  be  said  that  a 
particular  impression  on  the  inner  surface  has  a  corresponding 
bump  outside.  A  glance  at  any  skull-cap  is  sufficient  to  prove 
this.  The  depressions  occasioned  by  the  convolutions  take  place 
at  the  expense  of  the  diploe ;  and  the  external  bumps  are  often 
caused  by  a  mere  thickening  of  the  outer  table.    On  the  other 


tained  by  external  examination,  but  not  the  individual  details. 

Veins  of  the  Diploe.— The  diploe  of  the  skull-cap  is  tra- 
versed by  numerous  venous  canals.  These  (fig.  17)  are  of 
considerable  size,  and  are  best  displayed  by  filing  off  the  outer 
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Fig.  17. 


hand,  it  holds  good,  as 
a  general  rule,  that 
the  external  form  and 
dimensions  of  the  cra- 
nium may  be  taken  as 
a  general  expression  of 
the  corresponding  lobe 
of  the  brain,  whether 
in  the  frontal,  the  pa- 
rietal, or  the  occipital 
region.  The  general 
characters  of  the  brain, 
then,  may  be  ascer- 
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table.     Theii-  course  is  by  no  means  so  regular  as  they  are 
commonly  drawn;  but,  in  a  general  way,  we  may  speak  of  the 
frontal,  anterior  and  posterior  temporal,  and  occipital  'diploic' 
vems  on  each  side  of  the  skuH.    The  frontal  discharges  its  blood 
at  the  supra-orbital  notch  into  the  supra-orbital  vein-  the 
anterior  temporal  opens  externally  into  the  deep  temporal  vein 
and  mternally  mto  the  spheno-parietal  sinus ;  the  posterior  tem- 
poral opens  internally  mto  the  lateral  sinus  ;  the  occipital  pours 
Its  blood  either  externally  into  the  occipital  veins  or  internally 
mto  the  lateral  sinus.    After  mjuries  of  the  head,  these  veins  are 
hable  to  mflammation,  which  may  give  rise  to  pus  in  the  diploe 
and  pyaemia.    Hence  the  occasional  occurrence  of  visceral  ab 
scesses,  especially  hepatic,  after  injuries  of  the  head-a  circum- 
stance which  had  not  escaped  the  notice  of  the  old  surgeons 


BASE  OF  THE  SKULL  AS  SEEN  PEOM  ABOVE. 
By  referring  to  Plate  XIX.  it  is  seen  that  the  base  of  the 

Anterior  rossa  of  tie  Cranium     Tl,        i  • 

the  cranium  is  formed  by  thT^^  ^Tl.  "''™' 
cribriform  plate  of  The  e  EoM  /  ,  "  °' 

and  the  Jer  wing:„r ^  'm ''l  ™'  l'^'''  "ody 
in  this  f„,sa  are  a'follo™  :  f  "h"  'fo'     ""'"'^  '°  ''^ 
..»uany  pervious,  and  tranji,  a  vei  Trth"™'' 
ludina,  ,in„„  into  the  nose.    2.  The  "ro       ^7;™''  T^'" 
menmgeal  arteries,'  branches  of  the  anter^  . 
-oidal  of  the  ophthalmics.    8.  The  "  ril  it  ^1'"°' 
attachment  to  the  falx  cerebri.    !,  Tb[  .f^'    "'^«=''  8™« 

"'''s  for  the  -nasal 
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nerves,'  branches  of  the  first  divisions  of  the  fifth  nerves.  5. 
The  'olfactory  grooves,'  perforated  by  foramina,  which  give 
passage  to  the  filaments  of  the  olfactory  lobes.  6.  The  '  anterior 
ethmoidal  foramina  '  on  the  outer  side  of  the  olfactory  grooves 
for  the  transmission  of  the  nasal  nerves  and  anterior  ethmoidal 
vessels.  7.  The  '  posterior  ethmoidal  foramina,'  at  the  hinder 
extremities  of  the  olfactory  grooves,  for  the  passage  of  the  pos- 
terior ethmoidal  vessels. 

Itliddle  Fossa  of  the  Cranium. — The  middle  fossa  of  the 
cranium  supports  the  temporo-sphenoidal  lobes  of  the  cerebrum, 
and  is  formed  by  the  body  and  the  great  wings  of  the  sphenoid, 
squamous  and  petrous  portions  of  the  temporal  bones,  and  a  little 
bit  of  the  anterior  inferior  angle  of  the  parietals.  It  is  narrow  m 
the  middle  and  wide  at  the  sides.  The  fossa  is  separated  from  the 
anterior  one  by  the  anterior  edge  of  the  optic  groove,  the  upper 
margin  of  the  optic  foramma,  the  '  anterior  clinoid  processes  '  to 
which  the  '  tentorium '  is  attached,  and  the  posterior  borders  of 
the  lesser  wings  of  the  sphenoid.  The  basilar  suture,  if  present, 
and  the  upper  margins  of  the  petrous  portions  of  the  temporal 
bones  separate  it  from  the  posterior  fossa.  In  each  lateral  half 
of  the  fossa  the  chief  pomts  to  be  noticed  are:  1.  'The  sphe- 
noidal fissure  '  between  the  wings  of  the  sphenoid,  leading  to  the 
orbit,  and  transmittmg  the  3rd,  the  4th,  the  first  division  of  the 
5th,  and  the  6th  nerves,  also  filaments  of  the  sympathetic  nerve 
and  the  ophthalmic  vem.  2.  The  '  foramen  rotundum  '  giving 
passage  to  the  superior  maxillary,  or  second  division  of  the  5th 
nerve,  and  behind  it  one  or  two  '  foramina  of  Vesalius.'  3.  The 
'  foramen  ovale  '  giving  passage  to  the  inferior  maxUlary,  or  third 
division  of  the  5th  nerve,  and  to  the  arteria  meningea  parva, 
and  sometimes  to  the  lesser  petrosal  nerve.  4.  The  '  foramen 
spmosum  '  giving  passage  to  the  arteria  meningea  media  and  its 
two  veuis— the  main  trunk  of  this  artery  grooving  the  squamous 
part  of  the  temporal  and  the  anterior-inferior  angle  of  the  parietal 
bone.  5.  The  '  foramen  lacerum  medium '  blocked  up,  m  the 
recent  state,  by  fibro-cartilage— the  Vidian  (great  petrosal)  nerve 
running  through  the  cartilage.  The  internal  carotid  artery  also 
passes  through  it.    6.  At  the  apex  of  the  petrous  portion  of  the 
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temporal  bone  the  termination  of  the  '  carotid  canal,'  through 
which  the  carotid  artery  enters  the  skull:  the  artery  then 
^^•inds  along  the  gi-oove  on  the  side  of  the  body  of  the  sphenoid 
7.  On  the  front  surface  of  the  petrous  portion  of  the  temporal 
bone  the  'hiatus  PaUopii,'  which  transmits  the  great  petrosal 
nerve,  and  external  to  it  is  the  opening  of  the  canal  for  the  lesser 
petrosal  nerve.    Fm-ther  back,  on  the  same  surface,  we  may  ob- 
serve the  emmence  for  the  anterior  (superior)  semicii'cular  canal 
In  the  vuddle  line  we  see  the-8.  '  Groove  for  the  optic  nerve  ' 
termmatmg  at  each  end  in  the  '  optic  foramen.'   9.  The  '  olivarv 
emmence,'  which  supports  the  commissure  of  the  optic  nerves 
and  pei-haps  on  each  side  of  it  the  '  middle  clinoid  process  '  lo' 
The  'pituitary  fossa,'  or  'sella  tm-cica,'  for  the  reception  of 
the  ptmtary  body,  with  the  '  groove  for  the  cavernous '  sinus  on 
eachs.deofxt.  11.  The  broad  '  dorsum  sell.,' with  the 'posterior 
ehnoKl  process '  formed  by  its  free  superior-external  angles 
^vmg  attachment  to  the  tentorium  cerebelh,  and,  undez  coCer  of 
each  of  hese  processes,  a  notch  for  the  passage  of  the  third  nerve 

c.p,ta.  bone,  with  the  pebou.  and  mastoid  parts  of  thTtl^  ^ 
bone    It  supports  the  eerebelhim  and  does  not  show  emin  nces 

4.  Both  these  sinuses  teTZat  '  thT™'' 
Matera,  sinus;  which  ^oo,J:ZZ!:Z:^7 
mfenor  angle  of  the  parietal,  mastoid  part  of  th  ' '  ™''" 
last  of  an,  the  juguiar  process  of  th  c"^!  t  I'  lV^'r''  ""J' 
on  the  outside  of  the  head,  from  tlToo^'itZ  f  '"''"™™ 
the  front  border  of  the  mastoid  pro  es  co  "  '» 
iatera,  sinus  of  the  corresponding         r  r^S:!;:: 
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of  the  petrous  part  of  the  temporal  bone  is— 5.  The  '  meatus 
auditorius  internus,'  for  the  facial,  auditorypars  intermedia  nerves 
and  the  little  auditory  artery.  6.  Some  distance  behind,  and 
external  to  the  meatus,  is  the  '  aqueductus  vestibuH,'  somewhat 
concealed  by  an  overhanging  ridge  of  bone.  This  so-called  '  aque- 
duct '  transmits,  if  anything,  a  small  vein  from  the  vestibule  of 
the  ear.  Behind  the  basilar  process  is— 7.  The  '  foramen  magnum,' 
which  transmits  the  spinal  cord  and  its  membranes,  the  vertebral 
arteries,  and  the  spinal  part  of  the  spinal  accessory  nerves.  8.  On 
each  side  of  the  foramen  magnum  are  the  '  condyloid  foramina,' 
of  which  the  '  anterior  '  transmits  the  hypoglossal  or  9th  nerve 
(motor  nerve  of  the  tongue) ;  the  '  posterior,'  a  vein  from  the 
lateral  sinus  to  the  outside  of  the  skull.  9.  The  '  mastoid  foramen ' 
transmitting  a  vein  from  the  lateral  sinus  to  the  outside  of  the 
skull.  10.  Lastly,  the  '  foramen  lacerum  posterius  '  transmitting 
the  three  divisions  of  the  8th  nerve,  the  inferior  petrosal  sinus, 
and  also  the  blood  from  the  lateral  sinus  uito  the  internal  jugular 
vein.  The  nerves  pass  through  the  anterior  part  of  the  foramen, 
which  part  is  separated  from  the  posterior  by  a  bony  ridge ;  one 
or  two  small '  posterior  meningeal '  arteries  also  lie  m  the  foramen. 
11.  In  the  mid-line,  between  the  '  foramen  magnum '  and  the 
'  internal  occipital  protuberance,'  is  the  '  internal  occipital  crest,' 
with  the  '  groove  for  the  occipital  sinus.'  12.  On  the  right  side 
of  the  internal  occipital  protuberance,  sometimes  on  the  left, 
is  the  '  torcular  Herophili,'  formuag  the  dilated  begmnmg  of  the 
.right  lateral  sinus. 


BASE  OF  THE  SKULL,  WITHOUT  THE  LOWER  JAW,  AS  SEEN 

FEOM  BELOW. 

(Plates  XX.,  XXI.) 

When  viewed  from  below  the  base  of  the  skull,  the  lower  jaw 
having  been  removed,  presents  an  oval  figure,  bounded  upon 
each  side  in  front  by  the  incisor,  canine,  bicuspid,  first  molar 
teeth  and  the  lower  border  of  the  malar  process  of  the  superior 
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i(  4       External  Occipital  orotuber 


Drawn  on  Stone  ty  T.  Godart. 
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maxillary  bones  ;  lateralhj,  by  the  lower  border  of  the  zygomatic 
arch,  the  posterior  root  of  the  zygomatic  process  of  the  temporal, 
its  upper  branch,  an  imaginary  line  connecting  the  posterior  root 
with  the  outer  end  of  the  superior  curved  line  across  the  base 
of  the  mastoid  process ;  j^osteriorhj ,  on  each  side,  the  superior 
curved  Ime  terminating  internally  in  the  external  occipital  pro- 
tuberance. 

The  principal  pomts  to  be  noticed  are  the  :  

Arch  of  the  Palate.~In  front  is  the  arch  of  the  '  hard 
palate,'  formed  by  the  superior  maxiUary  and  palate  bones  :  its 
'midcUe'  and  'transverse'  sutures  cross  each  other  at  right 
angles.    A  pm  introduced  at  the  point  of  crossing  would  touch 
five  bones,  the  5th  being  the  vomer.    Generally  speakmg,  when 
the  palate  presents  a  fine  arch,  fi^ee  from  contraction  in  any 
direction,  the  voice  is  clear  and  sonorous.    The  best  singers  have 
always  weU-formed  palates.  Its  surface  is  rugged,  excepting  that 
part  formed  by  the  palate  processes  of  the  palate  bones,  for  the 
lodgment  of  the  palatine  glands,  and  it  is  riddled  with  minute 
holes  for  the  passage  of  blood-vessels.  Behind  the  incisor  teeth  is 
the  '  anterior  palatme  canal ; '  a  smgle  orifice  below,  but  showing 
a  h  tie  way  up,  the  antero-posteriorly  placed  foramina  of  Scarpa 
aaid  the  two  lateraUy  situated  foramma  of  Stenson.    The  antero- 
posterior foramina  transmit  the  naso-palatine  nerves,  the  lateral 
ones  the  anterior  palatme  blood-vessels.    Near  the  last  molar 
tooth,  of  each  side,  is  the  orifice  of  the  '  posterior  palatine  canal,' 
formed  conjomtly  by  the  palate  and  superior  maxillary  bones  • 
and  from  this  we  trace  forwards  the  'palatine  groove'  for  the 
odgment  of  the  descending  palatine  vessels  and  the  large  pala- 
tme nerv..  Lastly,  there  is  the  '  ridge  '  on  the  palate  bone  for 
the  attachment  of  the  '  tensor  palati,'  and  the  '  posterior  nas. 

Tl^r  h  r^'"'"^  'azygosuvul..'  'Boundlg T 
paUt  ne  arch  anteriorly  and  laterally  is  the  horseshoe-shaped 

ttth  '         "^'^'^  corresponding  to  the  fangs  of  the 

Posterior  Openingrs  of  Nose.-Behhul  the  palate  are  the' 
posterior  openings  of  the  nasal  foss.,  separated  by  the  sh.n 
edge  of  the  vomer.    Each  opening  is  somewhat  oval,  aboi^'o^: 
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inch  in  the  long  diameter  and  half  an  inch  in  the  transverse. 
We  should  remember  this  in  plugging  the  nostril.  It  is  bounded, 
above,  by  the  alse  of  the  vomer  and  the  vaginal  processes  of  the 
sphenoid  ;  below  by  the  horizontal  plate  of  the  palate  ;  outside, 
by  the  internal  pterygoid  plate  of  the  sphenoid ;  and  inside,  by 
the  vomer.  In  the  upper  boundary  of  each  is  the  posterior 
opening  of  the  '  pterygo-palatine  canal '  for  the  transmission  of  a 
branch  of  the  internal  maxillary  artery  and  a  nerve  from  the 
spheno-palatme  ganglion  to  the  top  of  the  pharynx. 

Pteryg-oid  Beg-ion. — On  each  side  of  the  nasal  openings  are 
the  '  pterygoid  processes  '  of  the  sphenoid.   These  pterygoid  pro- 
cesses bound  the  posterior  openings  of  the  nose ;  act  as  buttresses 
to  support  the  tipper  jaw-bones  behind ;  and  serve  for  the  origin 
of  the  powerful  pterygoid  muscles  which  grind  the  food.  From 
the  pterygoid  fossa,  or,  more  strictly,  from  the  inner  surface  of 
the  external  pterygoid  plate  and  the  back  of  the  tuberosity  of  the 
palate  bone  which  fits  mto  the  gap  between  the  pterygoid  pro- 
cesses, arises  the  '  pterygoideus  internus ; '  while  the  outer  surface 
of  the  same  plate  and  the  adjacent  outer  aspect  of  the  tuberosity 
of  the  palate  bone  give  origm  to  the  '  pterygoideus  externus.' 
At  the  base  of  the  internal  plate  is  the  scaphoid  fossa,  for  the 
origin  of  the  '  tensor  palati,'  and  into  which,  as  also  into  the 
bottom  of  the  pterygoid  fossa,  open  the  '  foramina  of  Yesalius ;' 
and  at  the  apex  is  a  pulley,  termed  the  '  hamular  process,'  around 
which  the  tendon  of  this  muscle  plays.  Besides  this,  the  hamular 
process  gives  origin  to  part  of  the  '  superior  constrictor  '  of  the 
pharynx.    Immediately  above  the  '  scaphoid  fossa,"  and  really 
not  seen  when  viewing  the  skull  from  below,  is  the  posterior 
orifice  of  the  Vidian  canal. 

Proceedmg  backwards  from  the  base  of  the  pterygoid  pro- 
cesses, we  come  next  upon  the  great  foramina  at  the  base  of  the 
skull,  most  of  which  have  aheady  been  seen  in  the  examination 
of  the  base  from  above.  In  the  great  wmg  of  the  sphenoid  there  is 
the  '  foramen  ovale.'  The  '  foramen  rotundum  '  cannot  be  seen  on 
the  inferior  aspect  of  the  base  of  the  skull :  look  for  it  at  the  back 
of  the  orbit.  Behind  the  foramen  ovale  is  the  '  foramen  spmo- 
and  still  farther  back  is  the  apex  of  the  wing,  termed  the 
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'  spinous  process,'  which  is  wedged  between  the  squamous  and 
petrous  bones,  and  gives  attachment  to  the  internal  lateral  liga- 
ment of  the  lower  jaw.  From  the  spinous  process  we  trace  out- 
wards the  glenoid  fissure,'  which  runs  across  the  '  glenoid  cavity ' 


Fig.  18. 


DIAGBAII  OF  THE  BELATIVE  POSITIONS  OF  THE  JIOEE  IM^OETANT  PAETS  AT 
THE  BASE  OF  THE  SKULL. 

The  dotted  arrow  shows  that  the  mastoid  process,  the  stylo-mastoid  foramen, 
styloid  process,  and  the  spinous  process  of  the  sphenoid  (represented  by  stars),  and 
the  Eustachian  tube  are  pretty  nearly  in  a  line. 

Outside  the  arrow  arc  :  Inside  the  arrow  are : 

1.  Scaphoid  fossa.  7.  Pterygo-palatine  canal. 

2.  Foramen  ovale.  8.  Foramen  lacerum  medium. 

3.  Foramen  spinosum.  9.  Carotid  canal. 

4.  Spinous  process.  10.  Foramen  jugulare. 

5.  Glaserian  fissure.  11.  Notch  for  8th  nerve. 

6.  Meatus  auditorius  extemus.  12.  Anterior  condyloid  foramen. 

with  the  '  eminentia  articularis  '  in  front  of  it.  Between  the 
sphenoid  and  petrous  Ijones  are  the  canals  for  the  '  Eustachian 
tube  '  and  the  '  ten.sor  tympani '  muscle. 

Petrous  Region.— The  petrous  portion  of  the  temporal  bone 
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is  wedged  in  between  the  sphenoid  and  the  basilar  process  of  the 
occipital.  Observe  that  the  apex  of  the  wedge  is  cut  short,  so 
that  an  irregular  opening,  termed  the  '  foramen  lacerum  medium,' 
remains  between  the  three  bones.  In  the  recent  skull  this 
space  is  filled  with  cartilage,  in  which  lie  the  internal  carotid 
artery  surrounded  with  filaments  of  the  sympathetic  ijerve,  and 
the  Vidian  nerve.  The  apex  of  the  petrous  bone  gives  origin  to 
the  '  tensor  tympani '  and  '  levator  palati.'  In  the  middle  of  the 
petrous  bone  is  the  wide  orifice  of  the  carotid  canal  which  trans- 
mits the  carotid  artery.  Trace  this  canal,  and  you  will  find  that 
it  does  not  enter  the  cranial  cavity  directly,  but  that  it  ascends 
for  a  short  distance,  and  then  runs  horizontally  forwards  and 
inwards  through  the  petrous  bone,  till  it  opens  at  the  apex  into 
the  foramen  lacerum.  Thus  the  carotid  artery  makes  two 
curves,  like  the  letter  S,  before  it  enters  the  cranium — the  first 
curve  in  the  bony  canal,  and  the  second  in  the  cartilage  which 
fills  up  the  foramen  lacerum.  This  disposition  of  the  great 
arteries  at  the  base  checks  the  force  of  the  blood  on  its  passage 
to  the  brain. 

Behind  the  carotid  canal  is  the  '  foramen  lacerum  posterius,' 
or  '  foramen  jugulare,'  another  opening  left  between  the  petrous 
and  occipital  bones.  The  size  and  shape  of  it  are  subject  to 
great  variety.  The  right  jugular  foramen  is  usually  larger  than 
the  left.  It  is  generally  divided  by  a  projecting  tongue  of  bone 
into  an  interior  part,  which  transmits  the  eighth  nerve,  and  a 
posterior,  which  is  by  far  the  larger,  for  the  passage  of  the 
blood  from  the  lateral  sinus  into  the  commencement  of  the 
internal  jugular  vein.  The  posterior  meningeal  arteries  (from 
the  occipital  and  ascending  pharyngeal  branches  of  the  external 
carotid)  and  the  inferior  petrosal  sinus  pass  through  this 
aperture. 

Outside  the  foramen  lacerum  posterius  is  the  '  styloid  process,' 
projecting,  more  or  less,  beyond  the  '  vaginal  process '  at  its  root. 
Behind  this  is  the  '  stylo-mastoid  foramen,  through  which  the 
facial  nerve  emerges  from,  and  the  stylo-mastoid  artery  enters, 
the  skull.  Still  farther  back  is  the  '  mastoid  process,'  and  the 
'  digastric  fossa  '  for  the  origin  of  the  digastric  muscle.  Internal 
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to  this  fossa  may  be  generally  seen  a  groove  for  the  occipital 
artery. 

Basilar  Process.— The  basilar  process  of  the  occipital  bone 
projects  into  the  base  of  the  skuH,  and  joins  the  body  of  the 
sphenoid.  It  affords  msertion  to  the  'rectus  capitis  anticus 
major '  and  '  mmor,'  and  (by  means  of  a  little  tubercle)  to  the 
aponem-osis  of  the  pharynx.  Behind  the  basilar  process  is  the 
'  foramen  magnum."  On  each  side  of  this  are  the  '  condyles  '  of 
the  occiput,  with  the  '  anterior  '  and  '  posterior  condyloid '  fora- 
mma;  and  on  the  outside  of  each  condyle. is  the  'jugular  emi- 
nence,' which  gives  msertion  to  the  'rectus  capitis  lateralis.' 

Occipital  Foramen.— In  a  well-formed  European  skull,  the 
plane  of  the  occipital  foramen  looks  downwards  with  a  slight  in- 
clination forwards  when  the  body  is  erect,  and  its  anterior  ex- 
tremity IS  about  half-way  between  the  tuberosity  of  the  occipital 
bone  and  the  incisors  of  the  upper  jaw.    This  central  position  of 
the  occipital  foramen  and  the  condyles  is  one  of  the  great  pecu- 
liarities of  man,  who  stands  erect.  His  head,  therefore,  is  almost 
equaUy  balanced  on  the  top  of  the  spine.   In  monkeys,  who  hold 
a  middle  rank  between  man  and  quadrupeds,  the  foramen  macr- 
num  IS  placed  farther  back :  in  the  orang-outan,  it  is  about 
twice  as  far  from  the  foramma  incisiva  as  from  the  back  of  the 
head.    Consequently,  although  monkeys  can  stand  erect  for  a 
tmie,  they  cannot  do  so  long.   In  quadrupeds,  again,  the  foramen 
magnum  is  still  nearer  to  the  back  of  the  head,  and  its  plane 
forms  a  considerable  angle  with  the  horizon.    The  weight  of  the 
head  in  quadrupeds  is  sustained,  not  only  by  the  spine,  but  by 
an_  elastic  hgament  of  gi-eat  strength  (ligamentum  nuch^),  which 
anses  from  the  lofty  spines  of  the  dorsal  vertebr.,  and  is  fix  d 

tremi  V  of  tht  '^'^^  P-^-- 

emit>  o  the  foramen  magnum  to  the  'external  occipital  pro- 

o  tl7L"       '-ternal  occipital  crest'  for  the  atLhmei  t 
of  the  hgamentum  nucha..'    Extending  from  each  side  of  the 
rmd  le  of  this  crest  to  the  lateral  angle  of  the  occipital  bone  i 
the    ,nfenor  curved  hne.'    In  the  occipito-mastoid  suture  o 
situated  entirely  in  the  mastoid  portion  of  the  temporalT  ne 
the  mastoid  foramen  for  the  passage  of  a  vein,  and  usua  ly  a 
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small  artery.  Between  the  foramen  magnum  and  superior 
.curved  lines  muscles  are  attached  as  shown  in  Plate  XXI. 


TEMPOEAL,  ZYGOMATIC,  AND  SPHENO-MAXILLARY  FOSS^. 

The  temporal  fossa  (see  p.  127)  leads  into  the  zygomatic 
fossa,  the  boundary  between  them  being  the  crest  of  the  sphenoid 
bone. 

Zyg-omatic  Fossa. — The  '  zygomatic  fossa  '  is  bounded  ex- 
ternally by  the  zygomatic  arch,  which  serves  as  a  strong  buttress 
to  support  the  bones  of  the  face,  and  gives  origin  to  the  powerful 
*  masseter  '  muscle  which  closes  the  mouth.  In  front  of  the  fossa 
there  is  the  back  part  of  the  superior  maxilla,  and  at  the  bottom 
of  it,  the  outer  pterygoid  plate  of  the  sphenoid,  which  gives  origin 
to  the  external  pterygoid  muscle.  At  the  deepest  part  of  the 
fossa  are  two  wide  fissures  at  right  angles  to  each  other :  one, 
nearly  horizontal,  leads  into  the  orbit,  and  is  called  the  '  spheno- 
maxillary fissure,'  through  which  the  superior  maxillary  nerve 
and  the  infra-orbital  artery  enter  the  infra-orbital  groove  on  the 
floor  of  the  orbit. 

Spheno-maxillary  Fossa. — The  other  fissure,  nearly  ver- 
tical, leads  to  the  '  spheno-maxillary  fossa,'  in  which  the  thii-d 
part  of  the  internal  maxillary  artery  breaks  up  into  terminal 
branches.  This  fossa  is  bounded  in  front  by  the  back  of  the 
superior  maxilla  ;  behind,  by  a  smooth  surface  at  the  base  of  the 
pterygoid  process  ;  internally,  it  is  separated  from  the  nasal  foss« 
by  the  perpendicular  plate  of  the  palate  bone. 

There  are  five  openings  into  the  spheno-maxillary  fossa  (see 
Plate  XXII.),  as  follows  : 

Five  Openings  into  Spheno-maxillaey  Fossa. 

/  Internal  or  nasal  branches  of  spbeno- 
/transmitsintoj    palatine  ganglion. 

1.  Spheno-palatine  foramen  I      the    nasal-,  j^^^^j  or  spheno-palatine  branch  of 

fossa     .     \^    internal  maxillary  artery. 
,  transmits     to  ,  Descending  palatine  artery  and  large 

2.  Posterior-palatine  canalj    the  palate     I    palatine  nerve. 

(Superior  maxillary  nerve,  or  secon 

3.  Foramen  rotundum       .  transmits   .    {    jiiyisiou  of  fifth  pair. 
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laclirymail  bone.      .Groove  for nasil duck. 


-A.T't^eth-moiolal  foramer. 
PostTethmoi  ial  forrkm&v. 

EtVimoi 
BoSyo?  Sphenoi 

Pa-late  "bone. 


Foramen  rotrundum 

Ptery^-paUtme... 
ca-nal. 

Vid-ian  canal  


Sphenopa-lat'ine  -fora-men 

at  tVie'bottom  of  tVie 
Spheno  maxUlary  fossa.  •  ■ '"' 


rbsb^palati  ne  canaT  

Maxillary  process  oF  infr  Spongy  boTie.- 


Uncif orm  process  oF  EtVimoid  bone 


Diagram  of  the  Bone?  and  Foramina 
on  the  i-nner  wall  oF  the  Orbit,  fhe  five  openings  intctlie 
3pheno--maxillary  fossa ,  the  Antrurn  and  bones  contracting  its  oHf ice . 
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4.  Vidian  canal  .       .       .  transmits  . 

5.  Pterygo-palatine  canal  .  transmits  . 


Vidian  artery  and  nerve. 

Pterygo-palatine  branch  of  internal 
maxillary  artery,  and  pharyngeal 
nerve  from  Meckel's  ganglion. 


THE  CEBITS. 


The  orbits,  or  sockets  for  the  eyes,  are  like  crypts  excavated 
beneath  the  cranium.     (Plate  XVIII.)     To  use  the  words  of  Sir 
Charles  Bell,  '  these  under  arches  are  groined ;  '  that  is  to  say,  they 
are  provided  with  strong  ribs  of  bone,  so  that  there  is  no  need 
of  thick  bone  in  the  interstices  of  the  groinings.  The  plate  between 
the  eye  and  the  brain  is  as  thin  as  parchment :  but  look  how  strong 
is  the  arch  forming  the  orbital  margin,  and  what  a  strong  ridge  of 
bone  runs  up  from  the  zygoma,  like  a  buttress  to  support  the 
side  of  the  arch.    When  the  eye  is  threatened,  the  margin  of  the 
orbit  is  more  than  strong  enough  to  protect  it  from  the  effects  of 
violence. 

_  Each  orbit  is  pyi-amidal,  with  the  apex  behind.  Their  axes 
If  prolonged,  would  pass  through  the  optic  foramina,  and  meet 
behmd  the  pituitary  fossa  of  the  sphenoid.  This  divergence 
gives  a  greater  range  of  vision.  The  anterior  openmg  of  the 
orbit  IS  quadrilateral  and  consists  of  an  upper,  a  lower,  an  inner, 
and  an  outer  margin.  In  the  higher  types  of  man  these  openings 
are  more  rounded.  ^ 

Upper  Wall  of  ORBir.-The  upper  wall  of  the  orbit  is  slightly 
arched  and  formed  by  the  frontal  bone  and  lesser  wing  of 
he  sphenoid  On  this  wall  are-1,  the  optic  foramen;  2,  the 
gZ  TThe  n.^  external  angular  process  for  the  lachrymal 
g  and ,  3,  the  little  depression  for  the  pulley  of  the  '  superior 
obhque  muscle;  4,  the  supra-orbital  foramen  or  notch,  situated 
at^the^jnnction  of  the  inner  with  the  middle  third  of  the 

Lower  Wall  or  Floor  of  ORBir.-The  lower  wall  of  the  orbit 
slopes  dc^^nwards  and  outwards,  and  is  formed  by  the  orb  ta 
r  ate  of  the  superior  maxilla,  by  part  of  the  malaVbon  and 
behind  by  he  orbital  plate  of  the  palate  bone.    On  this   •;il  is 
the  groove  for  the  infra-orbital  nerve. 
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Inner  Wall  op  Orbit.— The  inner  wall  (Plate  XXII.)  is  formed 
by  the  nasal  process  of  the  superior  maxilla,  by  the  lachrymal,  the 
OS  planum  of  the  ethmoid,  and  the  side  of  the  body  of  the  sphenoid 
bone.  Here  we  observe  the  groove  for  the  nasal  duct,  formed 
conjointly  by  the  nasal  process  of  the  superior  maxilla,  the  lachry- 
mal, and  the  inferior  spongy  bone.  Its  direction  is  downwards, 
backwards,  and  a  little  outwards,  and  it  leads  mto  the  inferior 
meatus  of  the  nose.  Besides  this,  there  are  the  '  anterior  and 
posterior  ethmoidal  foramina.' 

Outer  Wall  op  Orbit. — The  outer  wall  of  the  orbit  is  formed 
by  the  malar  bone  and  the  orbital  plate  of  the  great  wing  of  the 
sphenoid.  Here  there  are  one  or  two  small  foramma  (malar 
canals),  which  transmit  small  nerves  from  the  orbit  to  the  skin  of 
the  cheek  and  temple.  (See  p.  104.)  The  outer  wall  of  the  orbit 
recedes  more  than  the  other  parts  of  its  circumference,  giving  so 
great  a  range  of  vision  externally,  that  by  rotating  the  head  on 
each  side  of  the  spine,  we  can  see  all  round. 

Bones  Composing-  Orbit. — Look  into  the  orbit  and  examine 
two  fom'-sided  plates,  one  on  the  inner  side  belonging  to 
the  ethmoid,  and  one  on  the  outer  belonging  to  the  great 
wing  of  the  sphenoid.  The  four-sided  plate  of  the  ethmoid 
articulates  above  with  the  frontal ;  below  with  the  superior 
maxillary  bone,  in  front  with  the  lachrymal  and  behind  with 
the  sphenoid.  Besides  these  the  orbital  process  of  the  palate 
bone  here  comes  up  between  the  sphenoid  and  superior  maxilla 
(articulating  with  both  of  them)  and  joins  the  posterior  in- 
ferior angle  of  this  plate.  The  four- sided  plate  of  the  sphenoid 
articulates  likewise  with  the  frontal  bone  above,  the  frontal  bone 
arching  over  from  the  top  of  the  aforesaid  plate  of  the  ethmoid  ; 
below,  its  edge  is  separated  from  the  superior  maxillary  bone  by 
the  spheno-maxillary  fissure ;  in  front,  it  articulates  with  the 
malar  bone,  and  behind,  its  edge  is  separated  from  the  rest  of 
the  sphenoid,  by  the  sphenoidal  fissure.  These  articulations 
should  be  traced  on  the  bones  and  thoroughly  mastered.  Thus, 
seven  bones  enter  into  the  composition  of  each  orbit :  namely — 
the  frontal,  ethmoid,  and  sphenoid,  the  superior  maxilla,  the 
malar,  the  lachrymal,  and  the  palate  ;  but  there  are  only  eleven 
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bones  in  the  two  orbits,  since  the  first  three  bones  are  common  to 
both. 

Sphenoidal    and    Spheno-maxillary  Fissures .  At  the 

back  of  the  orbit  are  two  wide  fissm:es  for  the  admission  of  blood- 
vessels and  nerves.    The  upper  one  is  the  '  sphenoidal  fissure,' 
formed  between  the  gi-eater  and  lesser  wings  of  the  sphenoid  bone. 
It  leads  into  the  cranium,  and  transmits  the  third  and  fourth 
nerves,  the  ophthalmic  branch  of  the  fifth,  the  sixth  nerve,  some 
filaments  of  the  sympathetic  nerve,  and  the  ophthalmic  vein.'  The 
lower  one,  the  '  spheno-maxiUary  fissure,'  leads  into  the  zygomatic 
fossa.    The  borders  of  this  fissure  are  formed  antero-internally 
by  the  superior  maxiUary  and  palate  bones,  postero-externally 
by  the  sphenoid.    It  is  completed  in  front  and  outside  by  the 
malar."   Through  this  fissure  the  infi-a- orbital  artery  and  the 
superior  maxillary  nerve  enter  the  groove  along  the  floor  of  the 
orbit. 


NASAL  POSS^. 
(Plate  XXIII.) 


th.  lr.T;       TuT"  ""^"^^  "  the  air  through 

he  nctnls,  and  behind  into  the  top  of  the  pharynx.  To  study 
tt.em  properly  it  i,  indispensable  to  have  a  skull  divided  Ion 

roof  the  floor,  the  outer  and  inner  surfaces  of  the  cavities 

BoundartM  of  Kasal  Po85a,._The  ■roof  of  enr-h  '„f  *i, 
^alioss^.^rmed  bythe  nasal  bones,  i:;!!^';^:^? 
the  frontal  the  cribriform  plate  of  the  ethmoid,  and  the  bodv  of 
the  sphenoid,  with  the  ala.  of  the  vomer  and   h.  .        f  , 
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how  easily  an  instrument  might  be  thrust  through  this  part  of 
the  roof  into  the  brain. 

The  '.floor '  is  nearly  horizontal,  and  is  formed  by  the  palate 
plates  of  the  superior  maxillary  and  palate  bones.  In  the  dry 
bones  can  be  seen,  on  each  side  of  the  septum,  the  foramina  of 
Scarpa  and  Stenson. 

The  outer  toall  of  the  nasal  fossa  is  made  irregular  by  the 
'  meatus '  or  passages  in  the  nose,  and  the  numerous  openings 
leading  to  the  air-cells,  in  the  neighbouring  bones.  It  is  formed 
by  the  ethmoid  (including  its  two  turbinated  bones),  the  nasal, 
the  superior  maxillary,  the  lachrymal,  the  inferior  turbinated, 
the  palate,  and  the  internal  jpterygoid  plate  of  the  sphenoid.  It 
is  important  to  observe  the  position  of  the  turbmated  bones  and 
the  three  '  meatus  '  or  passages  of  the  nose.  (Plates  XXIII.  and 
XXIV.) 

SuPEEioR  Meatus. — Beneath  the  superior  turbinated  bone 
lies  the  '  superior  meatus,'  into  which  open  the  posterior  eth- 
moidal cells  and  the  sphenoidal  cells.  At  the  back  parts  of  this 
meatus  is  the  spheno-palatine  foramen,  which  leads  into  the 
spheno-maxillary  fossa. 

Middle  Meatus. — Below  the  middle  turbinated  bone  is  the 
'  middle  meatus.'  Into  this  open — 1,  towards  the  front,  the 
frontal  smus  (or  cell),  along  a  passage  termed  the  '  infundibulum  ; ' 

2,  the  anterior  ethmoidal  cells  (distmct  from  the  posterior)  ; 

3,  the  antrum  or-  maxillary  sinus.  The  orifice  of  the  antrum 
is  large  and  irregular  in  the  dry  bones  ;  but  in  the  recent  state 
it  is  so  narrowed  by  mucous  membrane  that  it  will  just  admit  a 
crow-quiU. 

Inferior  Meatus. — Below  the  inferior  turbinated  bone  is 
the  '  inferior  meatus.'  No  ah-cells  open  into  this  meatus  :  there 
is  only  the  termination  of  the  nasal  duct  or  channel  which  con- 
veys the  tears  into  the  nose :  this  cannot  be  seen  without  re- 
moving part  of  the  turbinated  bone. 

The  openings  into  the  several  '  meatus  '  of  the  nose  may  be 
thus  tabulated : 

T  ,         o  Tv/r  ( The  sphenoidal  cells. 

Into  the  Superior  Meatus  .  open  j^^^  ^^^^^^^.^^  ^^^^^.^^^ 
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Into  the  Middle  ....  oi^en 


The  anterior  ethmoidal  cells. 


The  frontal  cells. 
(The  antrum. 
Into  the  Infeeiob     .    .    .  opens  The  nasal  duct. 

The  two  upper  turbinated  bones  (belonging  to  the  ethmoid) 
are  delicately  channelled  for  the  lodgment  of  the  olfactory  nerves. 
The  lower  or  thu'd  turbinated  bone  has  nothing  to  do  with  the 
sense  of  smell,  and  is  coarser  in  its  texture.  It  is  traversed  by 
several  canals  and  gi-ooves,  which  run  from  before  backwards,  and 
in  the  recent  state  contain  large  veins.  The  turbinated  bones 
do  not  extend  throughout  the  whole  length  of  the  outer  wall  All 
the  sui-face  in  front  of  a  perpendicular  line  let  fall  from  the  nasal 
spme  of  the  frontal  bone  is  smooth,  as  is  also  all  the  surface  be- 
hmd  a  perpendicular  line  from  the  spheno-palatine  foramen 

LxNEE  Wall  of  NosE.-The  bony  septum  of  the  nose,  one  of 
the  prmcipal  supports  of  the  nasal  arch  (Plate  XXIII.)  is  formed 
chiefly  by  the  perpendicular  plate  of  the  ethmoid  and  the  vomer 
(Plate  XXIV.  fig.  2.)  The  formation  of  the  septum  is  assisted  by 
the  nasal  spme  of  the  frontal,  the  crests  of  the  nasal,  superior 
maxillary,  and  palate  bones;  also  by  the  rostrum  or  crest  of 
he  sphenoid,  making  ten  bones  in  all.  The  triangular  ii.terval 
eft  m  the  septum  m  the  dry  skull  is  filled  up  in  the  perfect  one 

bone  ^^^'^^  ^  ^'''''^ 

The  posterior  openings  of  the  nasal  fossce  have  been  alrPfdv 
described  in  the  'base  of  the  skull'  (p.  L,,  Z 

«j/ IS  heart-shaped,  with  the  broad  part  below.  It  is  bounded  on 
either  side  by  the  nasal  bone,  and  by  the  nasal  process  of  the 

ux^rior  maxilla.    Below  it  is  bounded  by  the  palaLe  process 
of  the  supenor  maxillary  bones,  which  terminate  in  fiLt Tn  ' 
sharp  projection,  termed  the  '  anterior  nasal  spine,'  the  promin 
ence  of  which  is  a  marked  feature  in  the  higher  races  of  ZZZ 
l^is  projection  is  very  diminutive  in  some  of  the  lower  i  Je  and 
absent  in  monkeys,  ^  cites,  and 
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General  Observations  on  the  Skull. 


Skull  a  Lever  of  the  First  Order.— The  enth'e  skull  repre- 
sents a  lever  of  the  first  order.  The  fulcrum  or  point  of  support 
Fig.  19.  F  (see  fig.  19)  is  at  the  oceipito-atlantoid  articu- 
lation ;  the  resistance  is  the  weight  of  the  head 
W  ;  the  power  P  is  the  mass  of  muscle  attached 
to  the  occiput.  The  skull  is  nearly  balanced  on 
the  spine,  and  the  muscles  moving  it  have  but 
small  leverage.  Contrast  this,  however,  with 
that  of  the  elephant  (see  p.  44),  the  massive 
appendages  of  whose  head  have  proportionally 
strong  muscles  and  ligaments  for  their  movements  and  support. 

Three  Layers  or  Tables  of  the  Skull  The  cranial  bones 

consist  of  three  layers— an  outer,  an  inner,  and  an  intermediate 
'  diploe.'  The  outer  is  formed  of  compact  and  tough  bone  ;  the 
inner  is  harder,  but  more  brittle  (hence  called  '  tabula  vitrea  ')  ; 
while  the  diploe  is  softer  and  spongy,  and  diminishes  the  effects 
of  shocks.  Altogether,  then,  this  structure  may  be  coarsely  com- 
pared to  a  case  composed  of  wood  outside,  porcelain  mside,  and 
soft  leather  between  the  two. 

The  different  structure  of  these  three  layers  or  '  tables  '  of 
the  skull  is  interestmg  practically.  In  blows  on  the  head,  the 
inner  table,  in  consequence  of  its  great  brittleness,  is  likely  to  be 
broken  more  extensively  than  the  outer. 

laoeking-  of  the  Bones. — The  bones  are  mechanically  locked 

together  by  the  sutures;  and  in  the 
recent  state  there  is  a  thin  layer  of 
fibrous  tissue  between  their  edges, 
which  diminishes  the  effects  of  blows. 
Most  of  the  bones  mutually  support  each 
other,  by  having  theii-  edges  bevelled 
alternately  on  opposite  sides,  as  in  the 
frontal  suture ;  or  by  one  overlapping 
the  other,  as  in  the  squamous  suture,  where  the  temporal 
prevents  the  'starting'  of  the  parietal  bone  (see  fig.  20).  The 


GENERAL  OBSERVATIONS  ON  THE  SKULL  146 

effect  of  this  is,  that  no  single  bone  can  be  taken  out  of  the 
cranium  without  separating  the  whole  fabric.  (Nor.  Hum. 
Ost.,  No.  175.) 

Groins  along-  the  Sinuses — Notice  how  the  interior  of  the 
dome  is  strengthened  by'  ribs  '  or  '  groins  '  of  bone,  which  run  in 
the  Ime  of  the  prmcipal  sinuses.  One  rib  extends  from  the  centre 
of  the  frontal  bone  to  the  foramen  magnum,  and  spans  from 
before  backwards  the  whole  arch  of  the  cranium.  Another  crosses 
transversely  the  back  part  of  the  occipital  bone ;  the  point  of 
intersection  of  these  two  ribs  bemg  at  the  occipital  protuberance, 
which  is  the  thickest  and  strongest  part  of  the  skull. 

Buttresses  of  the  Skull.— Like  all  other  arches,  the  cra- 
mum  transmits  shocks  towards  its  buttresses;  these  are  firmly 
wedged  into  the  base,  and  all  meet  at  the  centre,  that  is,  at  the 
body  of  the  sphenoid.  The  frontal  part  of  the  arch  is  supported  by 
the  wmgs  of  the  sphenoid  and  the  malar  bones,  the  parietal  part 
by  the  temporal  bones,  and  the  occipital  part  supports  itself  by 
runnmg,  wedge-like,  into  the  base,  and  abuttmgon  the  sphenoid 
A  knowledge  of  the  buttresses  which  support  the  respective  parts 
of  the  skull-cap  affords  an  explanation  of  the  dh-ection  which 
fractm-es  generally  take  along  the  base  of  the  skull,  according  as 
ttie_  mjury  has  been  received  on  the  frontal,  the  parietal,  or  the 
occipital  region  of  the  cranium. 

Power  of  resisting  Shocks.-The  older  French  school 
generally  advocates  the  doctrine  that  the  cranium  resists  shocks 
after  the  manner  of  other  spheres,  namely,  that  a  blow  struck  on 
Zn      ?  t°  the  opposite  one;  as  when  a  glass 

ambler,  s  ruck  smartly  with  the  finger-nail,  is  made  to  crack  on 
the  opposite  side     This  they  call  fracture  by '  contrccou,:  Z 
the  modem  school  contends  that  the  cranium  resists  shocks  like  al 
architectural  arches ;  and  that  vibrations,  instead  of  going  oun 
othe  ba«e  direct,  are  lost  upon  the  supporting  pillars 
frr^tal  pillars  are  the  malar  and  sphenoid  bonL-tt  "rieta 
in  lars  are  the  temporal  bones-the  occipital  pillars  are  th" 
he  occipital  bone  itself.    When  the  head  is  struck,  the  pa  ieta 

part  struck,  and  the  fracture  runs  on  through  the  temporal  bone, 
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and  most  frequently  through  the  tympanum — the  weakest  part. 
There  are  many  excavations  in  the  bone  which  weaken  it  about 
this  part :  1,  there  is  the  '  meatus  auditorius  externus ' — 2,  the 
cavity  of  the  tympanum  itself — 3,  the  jugular  fossa — 4,  the 
carotid  canal — 5,  the  Eustachian  tube.  This  accounts  for  the 
frequency  of  htemorrhage  from  the  ear  in  cases  of  fracture  of 
the  base  of  the  skull. 

Buttresses  of  the  Upper  Jaw. — In  the  bones  of  the  face 
there  are  two  points  to  be  noticed — 1st,  the  great  strength  of  the 
nasal  arch  (Plate  XXIV.) ;  2nd,  the  extreme  firmness  of  the 
upper  jaw,  fixed  by  its  three  buttresses  on  each  side — namely,  the 
nasal,  the  zygomatic,  and  the  pterygoid.  The  7iasal  buttresses 
rest  against  the  internal  angles  of  the  frontal  bone,  and  between 
them  is  the  heart-shaped  opening  of  the  nose.  The  zygomatic  but- 
tresses are  exceedingly  strong ;  they  are  supported  by  the  external 
angles  of  the  frontal  bone  and  the  zygomatic  processes  of  the  tem- 
poral, and  correspond  to  the  molar  teeth,  which  have  to  sustain  the 
greatest  pressure.  The  •pterygoid  buttresses  descend  perpendicu- 
larly from  the  base  of  the  skull,  and  support  the  upper  jaw  behind. 

Itlale  and  Female  Crania. —  The  capacity  of  the  cranial 
cavity  varies,  as  a  general  rule,  with  the  intelligence  of  the  indi- 
vidual or  of  the  race.  It  has  been  shown  that  in  almost  aU  races 
the  capacity  of  the  cranial  cavities  of  the  women  is  to  that  of  the 
men  as  9  is  to  10.  The  mastoid  and  the  other  processes  for  the 
attachment  of  muscles  are  less  pronounced  in  women  than  in  men. 
The  orbital  margins,  and  especially  the  external  angular  processes, 
are  thinner  and  sharper  in  females'  skulls.  In  women's  skulls 
the  glabella  and  frontal  sinuses  are  but  slightly  developed.  The 
digastric  groove  is  better  marked  in  males-  than  in  females. 
The  masticatory  apparatus  is  more  massive  in  the  males'  skulls. 
The  development  of  the  frontal,  parietal,  and  occipital  regions  may 
be  taken  as  a  general  expression  of  the  development  of  the  corre- 
sponding lobes  of  the  brain.  Upon  this  is  founded  the  study  of 
Craniology.'''^ 

Craniolog-y. — The  accompanying  diagram  (fig.  21)  and  table 
of  terms,  introduced  chiefly  by  Broca,  are  given  here,  as  it  is 
thought  that  some  guide  to  the  most  important  measurements  of 
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the  skull  may  be  of  use  to  those  who,  without  a  special  know- 
ledge of  anthropology,  may  take  an  interest  in  that  science,  and 
have  opportunities  for  addmg  to  our  information  in  some  par- 
ticulars. 

The  most  important  pomts  for  mensuration  and  descriptive 
pui-poses  situated  in  the  middle  Hue  of  the  cranium,  taken  in 
order,  are : 

1.  Alveolar  point  (A).    The  centre  of  the  anterior  margin  of 

the  upper  alveolar  arch. 

2.  Subnasal  point  or  Spinal  point  (S).    The  middle  of  the 


SIDE  VIEW  OP  SKULL  OF  MALE  AUSTRALUN. 

A.  Alveolar  point.  S.  Subnasal  point.  N  Nation    r  r-i  .  „  ^ 
centre  of  supraorbital  line  (Op  O^rtaa   i  T  m^" 

point  or  most  distant  part  o/oeiiput'fr!roT" /BasSn St'  T'''^' 
Pt.  Ptenon.     As  Astprinn      r<  t      ^t.    /    -o- -oasion.  6«.  Stephanion. 

cranium.   B  N/^^Sl^Ze.Ji;  ""bT^^' ^  ^^^Z-  Height  of 

height.  ^anength.    ^  ^.  Bas.alveolar  length.    N S. 


3. 


Oy,/.r,»  iOj,).    A  pomt  »U„atod  immediately  above  the 
.labeila,  or,  more  exactly,  the  centre  „,  the 

L  2 
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line,  which,  drawn  across  the  narrowest  part  of  the  fore- 
head, separates  the  face  from  the  cranium. 

5.  Bregma  {Bg).    The  point  of  junction  of  the  coronal  and 

sagittal  sutures. 

6.  Lambda  (L).    The  point  of  junction  of  the  sagittal  and 

lamhdoidal  sutures. 

7.  Opistldon.     The  middle  of  the  posterior  margin  of  the 

foramen  magnum. 

8.  Basion  {B).    The  middle  of  the  anterior  margin  of  the 

foramen  magnum. 
On  the  lateral  surface  of  the  cranium  are  : 

9.  Pterion  (P<).    The  region,  near  the  anterior  part  of  the 

temporal  fossa,  where  the  great  wing  of  the  sphenoid, 
the  squamosal,  the  parietal,  and  the  frontal  bones  come 
near  to  each  other  in  a  varymg  manner  in  different 
individuals. 

10.  Stephanion  (St).     The  point  where  the  temporal  ridge 
crosses  the  coronal  suture. 

11.  Asterion  (As).    The  point,  behind  the  mastoid  process, 
where  the  parietal,  occipital,  and  temporal  bones  meet. 

The  measurements  of  crania,  except  the  circumference  and 
capacity,  are  best  taken  with  one  instrument,  a  sliding  caliper, 
which  combines  the  purposes  of  the  French  commas  cVepaisseur 


Fig.  22. 


CRANIOMBTEE  :  ONE-FIFTH  THE  ACTUAL  SIZE. 


and  compas-glissiere.  It  has  been  found  so  convenient  for  all 
cranial  as  well  as  other  osteological  measurements  that  a  sketch 
of  it  is  subjoined  (fig.  22).  The  larger  dunensions  of  the  cranium 
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are  taken  with  the  curved  arms,  the  smaller  ones,  as  those  of  the 
nose  and  orbit,  with  the  shorter  pointed  arms. 

C.  Horizontal  eii-cumference.    This  is  taken  with  the  tape  in 
the  usual  way,  passing  in  front  round  the  supraorbital 
line  (above  the  glabella)  and  behind  across  the  most 
prominent  part  of  the  occiput  (fig.  21,  Op  0).    It  gives  a 
general  idea  of  the  size  of  the  exterior  of  the  cranium. 
L.  Length.     Unfortimately  craniometrists  are  not  yet  in 
accord  as  to  the  best  measure  for  taking  this  important 
measurement,  which  affects  considerably  the  two  foUow- 
mg  mdices.    It  is  in  the  Osteological  Catalogue  of  the 
Roy.  Coll.  of  Surgeons  always  taken  by  placing  one  arm 
of  the  craniometer  on  the  ophryon,  and  the  other  on  the 
most  distant  part  of  the  occiput  (fig.  21,  Op  0).  The 
glabeUa,  which  is  properly  a  part  of  the  flee,  and  which 
may  vary  much  in  development  without  any  alteration  m 
the  essential  form  of  the  cranium,  is  thus  excluded.  The 
more  usual  continental  method  is  given  in  fig.  21. 
B.  Breadth,  is  the  greatest  parietal  breadth. 
Bi.  Index  of  Breadth.    Latitudinal  index  or  cephalic  index 
B  X  100 
~L 

H.  Height.    Of  the  various  methods  of  estimating  the  height 
the  one  here  used  is  that  generally  adopted  by  the  French 
anthropologists- that  is,  the  distance  between  the  basion 
and  the  bregma  (fig.  21,  B  Bg). 

Hi.  Index  of  height,  or  altitudinal  index,         x  ICQ 

BN.  Basinasal  length.    Basion  to  nasion.  ^ 

BA.  Basialveolar  length.    Basion  to  alveolar  point,  or  the 

most  distant  part  of  the  anterior  margin  of  the  alveolar 

arch. 

Ai.  Alveolar  index.  ^       Thi«  nffnvi 

•gj^     .      inis  alfords  the  readiest 

method  of  estimating  the  amount  of  forward  projection 
of  the  jaw.  It  is  not  always  perfectly  accurate,  a. 
It  IS  affected  by  any  abnormal  position  of  the  basion 
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independently  of  the  real  relation  of  the  face  to  the 
cranium;  but  these  cases  are  comijaratively  rare,  and 
scarcely  affect  large  averages.  Unfortunately,  in  crania 
in  which  the  incisor  teeth  have  been  lost  during  life  and 
the  alveolar  margin  absorbed,  the  basialveolar  length, 
and  consequently  the  alveolar  index,  cannot  be  obtamed. 
As  will  be  seen  in  the  sequel,  this  index  forms  one  of 
the  most  important  characteristics  of  race. 

Nh.  Nasal  height.  A  vertical  line  between  the  nasion  and 
the  lower  border  of  the  nasal  aperture. 

Nw.  The  greatest  width  of  the  nasal  aperture. 


Ow.  Orbital  width.  The  inner  point  of  measurement  is  the 
spot  where  the  ridge  which  forms  the  posterior  boundary 
of  the  lachrymal  groove  meets  the  fronto-lachrymal 
suture.  This  is  rather  behind  the  dacryon  of  Broca 
(point  of  junction  of  the  frontal,  ascending  process  of 
maxilla,  and  lachrymal),  and  completely  excludes  the 
lachrymal  groove  from  the  measurement.  The  outer 
point  is  the  most  distant  part  from  this  on  the  outer  edge 
of  the  outer  border  of  the  orbit. 

Oh.  Orbital  height.  The  distance  between  the  upper  and 
lower  margins  of  the  orbit  at  the  middle. 

The  right  orbit,  unless  injured,  or  of  abnormal  form,  is  that 
usually  measured. 


Ca.  Capacity  in  cubic  centimetres.    This  is  one  of  the  most 
important  and  difficult  measurements.     The  material 
used  is^shot  or  sometimes  mustard  seed,  with  which  the 
cranium  is  filled  to  its  maximum.    The  measurement  of 
the  shot  or  seed  is  then  taken  with  the  choremometer 
designed  and  constructed  by  Mr.  Busk,''' 
Comparative  Osteolog-y. — A  student  may,  with  careful 
observation,  discover  slight  points  of  difference  between  opposite 
.sides  of  the  same  skull.    For  instance,  the  posterior  condyloid 


Ni.  Nasal  index. 


Nw  X  100 

~Nh 


Oi.  Orbital  index. 
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foramen  of  one  side  may  be  wanting,  the  mastoid  process  of  one 
side  may  be  larger  than  that  of  the  other,  or  the  digastric 
fossjB  may  be  of  unequal  size ;  one  nasal  passage  may  be  larger 
than  the  other  ;  the  lateral  sinus  may  be  much  deeper  on  the  one 
side  than  on  the  other,  or  there  may  be  a  middle  clinoid  process 
on  one  side  only.    Asymmetry  may  occur  in  men  highly  gifted, 
as  in  the  celebrated  French  anatomist  Bichat.     This  is  no 
more  than  one  might  expect,  seemg  the  difference  often  exist- 
mg  between  featm-es  of  the  two  sides  of  the  same  face.  Such 
want  of  symmetry  is  greatly  exaggerated  in  many  of  the  lower 
anunals,  as  may  be  seen  in  the  Cetacea,  in  the  head  of  the  great 
sperm-whale  or  in  that  of  the  narwhal  (Mus.  Eoy.  Coll.  Surg.), 
for  the  details  of  which  see  the  comparative  osteology  of  the 
superior  maxillary  bone.     But  the  most  striking  example  of 
asymmetry  is  seen  m  those  flat  fish  which  He  usually  on  their 
left  sides,  viz.  soles  and  plaice  (Pleuronectidte,  Nos.  179-190). 
For  m  them  both  eyes  are  on  the  right  or  upper  side  of  the 
skull,  and  one  orbit  only  is  completed,  the  eyes  being  directed 
away  from  the  ground  on  which  they  he.    The  teeth  are  chiefly 
developed  on  the  left  side  of  then  jaws— away  from  the  side  on 
which  their  eyes  are— that  is,  on  the  white  side.    It  is  interesting 
to  note  that  in  these  fish,  when  very  young,  the  skulls  are  sym- 
metrical,   men  the  turbot  is  just  hatched,  it  has  an  eye  on  each 
side  of  the  head,  and  it  is  only  by  subsequent  development  that 
the  asymmetry  occurs.    The  turbot,  unlike  soles  and  plaice,  hes 
on  its  right  side. 

Different  habits  develop  different  muscles ;  and  these  muscles 
give  rise  to  modifications  in  the  form  of  the  bones  as  weh  as  of  the 
bodily  configuration.  It  will  therefore  be  extremely  interesting  to 
contrast  the  skulls  of  the  Carnivora  with  those  of  the  Ungulata 
or  hoofed  animals.  Take,  for  example,  a  tiger's  skull  and  that 
of  a  deer.  The  skull  of  the  tiger  is  in  perfect  adaptation  to  his 
enormous  temporal  muscle.  It  has  a  high  median  ridge,  to  which 
the  muscles  are  attached,  great  arches  of  the  zygoma,  under  which 
they  pass,  and  broad  and  lofty  coronoid  processes,  into  which  they 
are  mserted.  But  his  masseters  are  comparatively  small,  therefore 
the  zygomata  and  the  angles  of  the  jaw  are  not  specially  strong 
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Now,  the  sole  action  of  this  temporal  muscle  is  to  clench  the  teeth 
together  as  on  a  hinge  ;  so  we  find  that  his  jaw  articulation  is  hinge- 
like, and  allows  no  other  motion.  This  mechanism  is  admirably 
fitted  for  cutting  purposes,  but  is  quite  unfit  for  grinding  ;  so  his 
teeth  are  cutters.  He  has  no  grinders.  Exactly  the  converse  of  all 
that  is  true  of  the  deer  :  his  temporals  are  small,  he  has  no  median 
ridge,  the  passage  under  the  zygoma  is  small,  and  his  coronoid 
process  is  delicate  and  scarcely  deserves  notice.  On  the  other 
hand,  his  masseters  and  pterygoid  muscles  are  very  large,  his 
zygomata  broad,  the  external  pterygoid  plates  greatly  expanded, 
the  angles  of  the  jaw  massive  and  extensive.  The  masseters  acting 
with  the  internal  pterygoids  cause  the  grinding  action  ;  so  here 
the  articulation  of  the  jaw  is  nearly  flat,  allowmg  of  a  free  grind- 
ing movement ;  and  in  accordance  with  this,  we  find  the  teeth  are 
flattened  on  the  surface,  and  good  grinders.  It  will  be  seen  how 
clearly  this  conformation  is  in  keeping  with  the  habits  and  natm-e 
of  each  animal. 

From  what  has  been  said  of  the  temporal  muscles  of  the  tiger, 
as  well  as  from  what  will  be  said  of  the  pectoral  muscles  of  the 
flying  birds  (Carinatse),  it  appears  that  those  sets  of  muscles  by 
which  an  animal  gets  its  living  are  the  most  largely  developed, 
and  that  their  bony  attachments  are  large  ui  proportion.  Thus 
the  history  of  the  animal  is  always  written  on  its  bones  clearly 
enough  for  any  careful  student  to  read.  He  who  learns  to  love 
osteology  will  soon  feel  that  it  is  far  from  dry,  and  that  beauty 
finds  indelible  expression  even  in  the  bones ;  for  he  will  see  that 
low  degraded  types  have  skeletons  which  cannot  be  mistaken, 
while  the  healthy,  inteUigent,  and  upright  carry  their  characters 
in  their  skeletons  as  much  as  they  do  in  their  faces. 

In  the  ant-eater,  which  has  no  teeth,  the  zygomatic  arch  is 
incomplete  (No.  3543). 

In  reptiles  the  cranial  cavity  is  remarkably  small.  In  a 
Nilotic  crocodile  (No.  717  D)  nearly  fifteen  and  a  half  feet 
long,  the  cranial  cavity  is  only  just  large  enough  to  admit  the 
thumb. 

Some  heads  are  long,  some  are  broad,  and  others  round. 
These  different  forms  are  determined  by  the  varying  extent  of 
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growth  of  bone  either  in  the  transverse  or  the  longitudinal  sutures, 
or  by  the  early  union  of  one  or  other  of  them,  as  may  be  readily 
understood  by  a  reference  to  the  Gen.  Ost.  Ser.  (Nos.  126,  127), 
where,  the  parietal  bones  uniting  early,  the  skull  was  unable  to 
accommodate  the  growing  brain  by  increasing  in  breadth,  and 
therefore  could  only  increase  in  length  by  growing  at  the  fronto- 
parietal and  the  occipito-parietal  sutures,  thus  giving  rise  to  these 
extraordinarily  long  skulls. 

The  gi-eat  and  heavy  skull  of  the  crocodile  contains  large  nasal 
passages  and  aii--cavities  which  float  it,  so  that  its  body  can  lie 
under  water  while  its  eyes  and  nostrHs  alone  appear  just  above 
the  sm-face  (No.  712). 

One  of  the  tirstfruits  of  the  study  of  comparative  anatomy 
was  the  discovery  of  the  law, '  That  an  invariable  co-relation  exists 
not  only  between  the  different  parts  of  an  animal's  body,  but  like- 
wise between  the  parts  of  his  body  and  his  niode  of  life.'  The 
<liseovery  was  made  by  Cuvier,  and  would  of  itself  have  been 
sufficient  to  immortahse  his  name.  He  was  led  to  the  detection 
of  this  law  by  the  study  of  a  number  of  fossil  bones  which  were 
found  m  quarries  in  the  neighbourhood  of  Paris.  The  foUowing 
is  his  own  account : 

'  I  found  myself  in  the  position  of  a  man  who  had  received  a 
^onfused  heap  of  the  mutilated  and  incomplete  remains  of  some 
hundreds  of  skeletons  belongmg  to  a  score  of  different  kinds  of 
animals ;  each  bone  had  to  search  for  those  with  which  it  should 
articulate-it  seemed  almost  a  resurrection  in  miniature  I 
had  not  at  my  command  the  all-powerful  trumpet,  but  the  im- 
mutable  laws  prescribed  to  Hving  beings  answered  its  purpose 
for  at  the  voice  of  comparative  anatomy  every  bone,  every 
ZZ'l  f  'r'^'^^^f  its  natural  position.  I  am  at  a  loss 
for  ^u.rds  to  describe  my  delight  when  so  soon  as  I  discovered  any 

t:::tT)    ]  ^^--ter' 

more  or  less  foreseen,  develop  themselves  in  succession.    I  founi 
the  oeth  conformed  to  what  the  feet  had  foretold,  and  the  feet  to 
-ha  the  teeth  foretold,  and  all  the  bones  betwe  n  th  f  et  and 
he  tee  h  conformed  as  could  be  Judged  beforehand  ;  inTwo  d 
each  of  these  species  sprang  up  again  out  of  one  of  i  s  elem  nts 
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Those  who  -will  have  the  patience  to  follow  me  will  be  able  to 
form  an  idea  of  the  sensations  I  experienced  in  thus  restoring  by 
degrees  these  antique  monuments  of  fearful  revolutions.  Sub- 
sequent discoveries  of  fossils  have  hardly  ever  contradicted  my 
earlier  conclusions.' 


THE    VEETEBEA.L  COLUMN. 
(Plates  XXV.— XXIX.) 

The  vertebral  column,  or  spme  (Plate  XXVI.),  consists  of  a 
series  of  bones  articulated  together  so  as  to  describe  three  slight  and 
graceful  curves,  the  bend  being  forward  in  the  loms,  backward  in 
the  chest,  and  agam  forward  in  the  neck.  These  bones  are  called 
'  vertebrte,'  because  they  permit  the  bending  and  rotation  of  the 
body  {verto,  I  turn).  They  are  33  in  number:  of  which  7  con- 
stitute the  cervical  region,  12  the  dorsal,  and  5  the  lumbar. 
Below  the  lumbar  vertebrte,  the  spine  is  supported  upon  a  bone 
termed  the  '  os  sacrum,'  which  consists  of  five  vertebrae  firmly 
coalesced  into  a  single  bone.  Below  the  sacrum  is  the  little  bone 
termed  the  '  coccyx,'  from  its  resemblance  to  the  beak  of  a  cuckoo 
(kokkv^).  This  also  contains  the  rudiments  of  four,  sometimes 
only  three,  vertebrse.  The  vertebral  formula  of  man,  therefore,  is 
— 7  cervical,  12  dorsal,  5  lumbar,  5  sacral,  and  4  coccygeal,  or 
caudal :  that  is,  38  in  all. 

Constituent  Parts  of  a  Vertebra. — The  vertebrae  have 
certain  general  characters  which  are  common  to  all.  These  are 
modified  in  the  different  regions  of  the  spine,  according  to  the 
functions  they  perform.  (See  separate  series,  Mus.  Koy.  Coll. 
Surg.)  Therefore,  first  obtain  a  general  knowledge  of  a  vertebra, 
and  of  the  names  given  to  its  several  parts  ;  afterwards  examine 
the  characteristics  of  the  vertebrte  in  each  region. 

Taking  the  first  lumbar  vertebra  as  a  pattern  (Plate  XX^.), 
it  is  seen  to  consist  of  a  '  body,'  or  '  centrum,'  which  forms  the 
columnar  part,  and  supports  the  weight  of  the  spine.  The  body 
is  convex  in  front  from  side  to  side,  but  slightly  concave  behmd, 
where  it  assists  in  the  formation  of  the  'vertebral  foramen, 
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which  transmits  and  protects  the  spinal  cord.    The  upper  and 
lower  surfaces  of  the  body  present  a  disc  of  soHd  bone  at  the 
cu-cumference  (Plate  XXV.  fig.  2),  and  a  slight  cup  in  the  centre 
which  lodges  the  elastic  '  intervertebral  fibro-cartilage,'  found  in 
the  recent  subject,  and  actmg  as  a  '  buffer  '  between  the  vertebrte. 
These  discs  or  rmgs  of  compact  bone  deserve  notice,  not  only 
because  they  strengthen  the  spongy  bodies,  but  because  they 
have  separate  centres  of  ossification,  and  remain  until  about  the 
2oth  year,  as  '  epiphyses.'    A  section  through  the  body  of  a 
vertebra  shows  it  to  be  composed  of  cancellous  tissue,  which 
makes  it  hght  compared  to  its  bulk.    (Nor.  Hum.  Ost.,  Nos. 
175-185.)    This  tissue  is  traversed  by  large  '  venous  canals,' 
of  which  the  orifices  are  observable  on  the  surface,  but  chiefly 
on  the  back  part  of  the  body,  towards  which  the  larger  canals 
converge  (Plate  XXV.  fig.  7) .    Behind  the  body  is  the  '  vertebral 
foramen.'    Now  this  foramen  is  formed  by  two  thick  processes 
of  bone,  which  proceed,  one  from  each  side  of  the  posterior 
part  of  the  body,  and  gi-adually  converging,  unite  and  form  an 
arch  (vertebral  or  neural  arch).    The  sprmg  of  the  arch,  where 
it  joms  the  body,  is  caUed  the  '  pedicle ;  '  the  converging  plates 
are  termed  the  '  lammse.'    The  arch  sends  off  seven  '  processes.' 
Of  these,  three— namely,  the  '  spinous '  and  the  two  '  trans- 
verse'—give  attachment  to  muscles.     The  'spinous  process' 
anses  from  the  top  of  the  arch ;  the  two  '  transverse  processes  ' 
pass  off,  nearly  horizontally,  one  from  each  side  of  it,  near  the 
junction  of  the  '  pedicle '  with  the  '  lamina.'    The  remaining 
four  are  termed  '  articular  processes  '-two  superior  articulating 
with  corresponding  processes  of  the  vertebra  above  and  two 
mfenor  articulating  with    corresponding    processes   of  the 
vertebra  below ;  they  are  situated  on  the  point  of  union  of  the 
pedicles  with  the  laminae.    Their  articular  surfaces  are  covered 
with  cartilage  in  the  fresh  state,  and  project  beyond  the  bodies, 
so  that  the  jomts  are  on  a  level  with  the  intervertebral  fibro- 
cartilages.  Lastly,  on  the  pedicles,  we  observe  two  '  notches  '  on 
cither  side-an  upper  and  a  lower,  the  lower  being  always  the 
larger.    ^\hen  the  vertebra)  are  together,  these  notches  make 
what  are  called  the  <  intervertebral  foramina,' in  which  the  spinal 
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nerves  lie.  (Plate  XXVII.)  The  'pedicle,'  or  the  part  of  the 
arch  between  the  notches,  is  the  weakest  part  of  a  vertebra,  and 
consequently  it  is  the  principal  seat  of  torsion  m  curvatures  of 
the  spine. 

Such,  then,  are  the  constituent  parts  of  a  vertebra :  namely,  a 
body,  an  arch,  a  vertebral  foramen  :  seven  outstandmg  processes, 
of  which  four  are  articular,  and  three  give  attachment  to  muscles  ; 
lastly,  the  notches  which  transmit  the  spinal  nerves. 

In  examining  a  single  vertebra  it  is  necessary  first  to  ascertain 
to  which  region  it  belongs,  and  then  which  vertebra  it  is  of  that 
region.  We  will  therefore  describe  first  the  distinctive  characters 
of  the  region,  and  then  the  peculiar  characters  of  the  individual 
vertebras,  as  far  as  they  can  with  certainty  be  distinguished. 

Cervical  VertebraB— Distinctive  Character. — All  the  cer- 
vical vertebra,  and  they  alone,  have  a  foramen  in  the  base  of  each 
transverse  process,  which  (excepting  that  in  the  7th)  transmits 
the  vertebral  vessels  and  a  plexus  of  sympathetic  nerves. 

General  Characters  of  the  Cervical  Vertebrae. — There 
are  seven  cervical  vertebrae.  The  '  bodies,'  exceptmg  the  first 
and  second,  are  broader  from  side  to  side  than  from  before  back- 
wards, and  a  lateral  ridge  projects  from  each  side  of  their  upper 
borders,  and  fits  into  a  corresponding  depression  on  the  sides 
of  the  vertebra  above  (Plate  XXV.  fig.  4).  Each  'body'  slopes 
a  little  forward,  and  overlaps  the  one  below.  (Plate  XXVII.) 
By  aU  this  interlocking,  lateral  displacement  is  prevented ; 
this  mechanism  compensating  for  the  aj)parently  insecure  connec- 
tions of  the  articular  processes.  Their  '  spinous  processes '  are 
horizontal,  and  give  attachment  to  the  ligamentum  nuchas  as  well 
as  to  the  muscles  which  maintain  the  head  erect.  But  the  spinous 
processes  of  the  third,  fourth,  and  fifth  are  especially  short,  and 
permit  the  free  extension  of  the  neck,  and  are  very  distinctly 
bifurcated ;  they  overlap  each  other  a  little  in  extension,  as  any- 
one may  see  in  the  dry  bones  by  moving  them  backwards  over 
each  other.  There  is  a  groove  on  the  upper  surface  of  each  trans- 
verse process  in  which  lodges  the  spinal  nerve  ,*  and  this  groove 
bifurcates  the  summit,  so  that  there  are  two  '  tubercles  '  formed, 
an  anterior  and  a  posterior  (in  the  lower  five),  both  for  the 
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attachment  of  muscles.    Observe  especially  the  large  size  of  the 
anterior  tubercle  of  the  sixth  cervical  vertebra.    It  is  called  the 
carotid  tubercle,  being  a  guide  to  the  carotid  artery.  Strictly 
speaking,  we  ought  to  say  that  the  transverse  process  of  a  cervical 
vertebra  arises  by  two  roots  or  bars,  an  anterior  and  a  posterior, 
which  subsequently  join,  and  so  form  the  foramen  which  transmits 
the  vertebral  artery,  vein,  and  a  plexus  of  nerves  :  the  anterior 
root  springs  from  the  side  of  the  body  :  the  posterior  springs  from 
the  arch.    Then-  '  articular  processes  '  are  flat,  oblique,  and  in- 
clined, so  that  theii-  planes  make  an  angle  of  about  45°  with  the 
horizon.    The  upper  processes  look  backward  and  upward,  the 
lower  forward  and  downward.    They  are  jDlaced  nearly  in  the 
same  transverse  plane  and  the  obliquity  of  their  direction  permits 
flexion  and  extension,  and  a  motion  round  an  oblique  axis.  In 
this  oblique  motion  the  articular  process  of  one  side  ghdes 
downward  and  backward   upon  the   corresponding  articular 
sm-face  below,  and  that  of  the  other  side  rises  upwards  and 
forwards  upon  the  corresponding  one  above.     In  this  way  a. 
combination  of  rotation  and  lateral  flexion  may  occur  between 
two  contiguous  cervical  vertebra. 

1st  and  2nd  Cervical  Vertebrae.— The  1st  and  2nd  cervical 
vertel)ra  difler  most  remarkably  from  the  rest,  as  they  respec- 
tively permit  the  nodding  and  the  rotation  of  the  head. 

1st  Cervical  Vertebra :  Atlas — The  1st  cervical  vertebra, 
(Plate  XXV.  fig.  5)  is  called  the  '  atlas,'  because  it  supports  the 
head.    This  is  the  only  vertebra  which  has  no  body.  The 
odontoid  process  of  the  axis  (the  2nd  cervical  vertebra)  is  the 
body  of  the  atlas,  and  is  thus  transferred  and  fixed  to  the  second 
vertebra,  forming  a  pivot  or  axis  upon  which  the  atlas  rotates 
It  seems,  at  first  sight,  rather  far-fetched  to  say  that  the  atlas 
rotates  round  its  own  body  (detached)  ;  but  it  is  nevertheless 
true,  and  borne  out  by  the  facts  of  philosophical  anatomy  The 
'spinous  process' is  a  mere  tubercle  (the  posterior  tubercle)  to 
which  the  '  rectus  capitis  posticus  minor  '  is  attached.    A  larse 
spine  here  wo,ild  interfere  with  the  free  backward  movement  of 
the  head.    Ihis  vertebra  is  like  a  ring,  wider  behind  tlian  in 
front,  and  thickened  on  each  side,  forming  the  '  lateral  masses  ' 
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and  the  articular  surfaces.  In  front  there  is  a  small  '  anterior 
tubercle,'  into  which  is  inserted  a  portion  of  the  '  longus  colli.' 

Now  the  form  of  the  atlas  is  adapted  to  the  rotatory  move- 
ment of  the  head.  In  the  first  place  there  is  a  little  articular 
surface,  the  odontoid  articulation,  on  the  back  of  the  anterior 
part  of  the  ring  of  the  atlas.  The  '  transverse  processes '  are 
thick  and  strong,  and  project  far  beyond  those  of  the  other 
cervical  vertebrEE,  and  give  great  leverage  to  the  inferior  oblique 
muscles  which  assist  in  rotating  the  head  from  side  to  side.  Its 
'inferior  articular'  processes  look  downwards  and  shghtly  in- 
wards ;  they  are  nearly  horizontal,  flat  and  circular,  like  the 
upper  ones  on  the  axis  on  which  they  slide,  in  the  movement  of 
rotation  of  the  head.  The  '  superior  articular  surfaces  '  are  con- 
cave, and  articulate  with  the  convex  condyles  of  the  occipital 
bone,  and  are  similarly  oval,  converge  anteriorly,  and  He  near 
the  front  of  the  foramen.  The  outer  edges  being  the  highest, 
they  form  two  little  cups  looking  upwards  and  inwards,  which 
receive  the  occipital  condyles,  sustain  the  whole  weight  of  the 
head,  and  permit  its  nodding  movement.  On  the  inner  side  of 
each  articular  process  is  a  tubercle  which  gives  attachment  to 
the  strong  '  transverse '  ligament,  which  confines  the  odontoid 
process  in  its  position.  The  '  arch  '  formed  by  the  lammfe  is 
wider  than  in  other  vertebrae,  and  leaves  such  ample  space  that 
lateral  displacement  of  the  atlas  has  occurred  without  compres- 
sion of  the  spinal  cord."^  On  the  upper  sm-face  of  each  lamina 
is  a  groove  (sometimes  a  complete  bony  canal)  for  the  vertebral 
artery  and  suboccipital  nerve ;  this  corresponds  to  the  superior 
notch  in  the  other  vertebrte.  Lastly,  the  'notches'  for  the 
nerves  are  placed  behind  the  articular  processes,  while  m  all  the 
other  vertebrae  (except  the  upper  notch  in  the  axis)  they  are  m 
front  of  them.  The  '  vertebral  foramen  '  is  large,  presenting  the 
appearance  in  outlme  of  a  small  uterus.  It  is  occupied  in  front 
by  the  odontoid  process  with  the  transverse  ligament,  and  behind 
by  the  spinal  cord  with  its  vessels  and  membranes. 

2nd  Cervical  Vertebra :  Axis.— The  2nd  cervical  vertebra 
or  'vertebra  dentata '  (Plate  XXV.  fig.  6)  is  called  the  'axis,' 
because  it  is  the  axis  upon  which  the  atlas  (with  the  head) 
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rotates.    The  pivot,  termed  the  '  odontoid  process  '  from  its  re- 
semblance to  a  tooth,  rises  vertically  from  the  '  body  '  of  the  axis, 
and  fits  into  a  ring  formed  in  front  by  the  atlas,  and  behind  by 
the  strong  '  transverse '  ligament  which  passes  between  the  lateral 
masses  of  the  atlas,  and  divides  the  vertebral  foramen  of  that 
bone  into  two  parts,  an  anterior  for  the  reception  of  the  odontoid 
process,  and  a  posterior  for  the  passage  of  the  spinal  cord.    It  is 
a  mechanism  resembling  a  tenon  and  mortise.'^^    The  odontoid 
process  has  a  smooth  sm-face  in  front,  which  articulates  with  the 
atlas  ;  another  behind,  on  which  plays  the  ligament.    There  is 
a  distinct  synovial  membrane  and  a  layer  of  cartilage  on  each 
sm-face,  so  that  they  possess  all  the  apparatus  of  a  joint.  More- 
over, it  is  shghtly  constricted  at  its  lower  part  (forming  what 
is  called  the  '  neck '),  which  the  '  transverse '  ligament  clasps 
securely.    Lastly,  its  summit  or  '  head '  is  rough  and  sloped 
laterally.     From  these  lateral  slopes  proceed  the  '  check  '  or 
'  odontoid  '  ligaments,  which  fasten  the  odontoid  process  to  the 
occipital  bone.    Considering  the  importance  of  the  odontoid 
process,  we  are  not  surprised  that  its  mternal  structure  is  much 
more  compact  than  that  of  the  body  of  the  axis.    The  upper 
*  articular  processes '  are  placed,  partly  on  the  body  and  partly 
on  the  root  of  each  transverse  process  ;  they  are  neatly  flat  and 
circular,  and  slope  a  little  downward  and  outward.    Like  those 
of  the  first  vertebra,  they  have  a  very  strong  base,  and  transmit 
to  the  '  body '  the  weight  of  the  head.    The  '  notch  '  is  behind 
them.    The  lower  '  articular  processes '  are  obhque,  and  placed 
considerably  behind  the  upper,  and  correspond  with  the  line  of 
the  articular  processes  of  the  succeedmg  vertebrte  which  they 
resemble.    The  intervertebral  '  notch '  is  in  front  of  them,  as 
in  all  the  vertebra  below.    The  '  transverse  processes  '  are  com- 
paratively 8mall,>nd  not  grooved  or  bifurcated  ;  but  the  hole  at 
their  base  is  inclined  obliquely  outwards,  corresponding  to  the 
curve  of  the  vertebral  artery.    The  '  laminre '  of  the  arch  are 
remarkably  strong.    The  '  spinous  process  '  stands  well  out,  and. 
bifurcates  widely,  giving  great  leverage  to  the  inferior  oblique 
muscles  which  rotate  the  head.    The  great  size  and  projection  of 
this  npinons  process  is  one  of  the  distinguishing  characters  of  the 
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axis ;  and  with  this  we  should  associate  the  large  size  of  the 
transverse  processes  of  the  atlas,  these  being  the  respective  attach- 
ments of  the  inferior  oblique  muscles. 

3rcl,  4th,  and  5th  Cervical  Vertebrae. — The  3rd,  4th,  and 
5th  cervical  vertebrte  can  be  easily  distinguished  from  the  rest, 
although  not  from  one  another,  by  the  following  points :  Their 
spmous  processes  are  spread  out  horizontally,  and  are  thin,  bifid, 
and  short  (Plate  XXV.  fig.  4),  thus  allowing  the  neck  to  be  bent 
backwards  very  considerably  before  the  spines  come  into  contact. 

6th  Cervical  Vertebra. — The  spine  of  the  6th  is  short,  it 
is  not  bifid  (or  rarely  so),  and  runs  nearly  horizontally  backwards, 
but  is  not  spread  out  hke  the  3rd,  4th,  and  5th.  The  foramen 
in  the  transverse  process  is  the  largest  of  all  the  series. 

7th  Cervical  Vertebra. — The  7th  cervical  is  called  the  '  ver- 
tebra prominens  '  on  account  of  its  long  horizontal  and  prominent 
spine,  which  can  be  easily  felt  at  the  back  of  the  neck.  It  slopes 
a  little  downwards,  and  thus  somewhat  resembles  those  in  the 
dorsal  region,  and  gives  attachment  to  the  '  ligamentum  nuchfe.' 
The  foramen  in  the  transverse  process  is  never  traversed  by 
the  vertebral  vessels,  and  is  small  and  irregular  in  shape.  More- 
over, the  transverse  processes,  though  so  long  and  broad  as  to 
suggest  a  rudimentary  rib,  are  but  slightly  gi-ooved,  and  have  no 
distinct  tubercles.  This  vertebra  in  some  rare  instances  has  two 
little  (cervical)  ribs  attached  to  it,  one  on  either  side,  in  form  and 
situation  resembling  the  cervical  ribs  of  animals.  A  cervical  rib 
may  be  mistaken  for  a  bony  tumour  if  the  surgeon  does  not  bear 
in  mind  that  such  an  anomaly  may  exist  in  the  skeleton.  It  is 
sometimes  united  with  the  first  rib. 

Dorsal  Vertebrae ;  Distinctive  Character. — AU  the  dorsal 
vertebra3,  and  they  alone,  have  facets  on  the  sides  of  their  bodies 
with  which  the  heads  of  the  ribs  articulate. 

Dorsal  Vertebrae  :  General  Characters. — The  general  cha- 
racters of  the  twelve  dorsal  vertebrae  are  as  follows :  Their  '  bodies ' 
are  heart-shaped,  and  smaller  than  tliose  of  the  lumbar,  and  they 
have  less  weight  to  bear.  Their  vertical  depth  is  less  in  front 
than  behind,  especially  near  the  middle  of  the  back,  m  adapta- 
tion to  the  dorsal  curve.    They  are  slightly  wider  from  side  to 
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side  than  from  before  backwards.    They  have  two  little  cup-like 
facets  on  each  side  for  the  articulation  of  the  heads  of  the  ribs, 
the  lower  cups  being  the  larger.    By  referring  to  the  spine 
(Plate  XXVI.),  we  observe  that  the  socket  for  the  head  of  the 
rib  is  formed  by  the  articular  facets  of  two  vertebrte  with  the 
intervening  fibro-cartilage.    These  'rib  facets'  distinguish  a 
dorsal  vertebra  from  a  vertebra  of  any  other  region  of  the  spine. 
Their  '  spmous  processes '  are  long,  clubbed  at  the  end,  and 
slant  downwards,  so  that  they  overlap  each  other,  especially  near 
the  middle  of  the  back,  and  prevent  extension  of  the  spine  in  this 
region.    Their  '  transverse  processes  '  are  thick  and  strong,  and 
each  has  m  fi-ont,  near  its  end,  an  articular  surface  for  the 
tubercle  of  a  rib,  which  it  supports  like  a  buttress.  Observe 
that  the  transverse  processes  of  the  seven  upper  dorsal  vertebra3 
are  very  thick  and  strong,  and  support  the  seven  true  ribs, 
whilst  the  five  lower  gradually  duninish  in  size ;  those  of  the 
eleventh  and  twelfth  are  the  smallest  of  all,  and  they  do  not 
support  ribs ;  these  lower  ones  present  three  tubercles,  of  which 
more  wiU  be  said  hereafter.   The  '  pedicles  '  are  compressed  from 
side  to  side,  short,  and  start  from  the  body  nearer  the  upper 
than  the  lower  surface.    The  'lammte '  are  broad  and  flat,  and 
slope  one  over  the  other.   Of  the  '  articular  processes  '  the  upper 
look  backward  and  outward,  the  lower  forward  and  mward,  and  the 
planes  of  both  are  so  nearly  vertical  that  it  is  manifest  there  can 
be  but  Httle  movement  between  any  two  dorsal  vertebrje.  Any 
that  does  occur  consists  of  very  slight  flexion  and  extension,  and 
very  Umited  rotation.    The  '  vertebral  foramen  '  is  nearly  round 
The  lower  '  mtervertebral  notches  '  are  larger  than  the  upper. 

lat,  9th,  lOth,  nth,  and  I2th  Dorsal  Vertebr^.—The 
Fipj  dorsal  vertebra  has  on  the  side  of  its  '  body  '  an  articular 
surface  for  the  whole  of  the  head  of  the  first  rib,  and  a  smaller 
one  at  the  lower  border  for  half  of  that  of  the  second  rib.  Agam 
the  upper  surface  of  its  body  has  lateral  ridges  like  the  cervical 
vertebra.  The  ninth  dorsal  has  usually  only  half  a  facet  on  the 
npper  part  of  the  body.  The  tenth  dorsal  has  generallv  an 
ent.o  facet  for  the  tenth  rib.  The  eleventh  .Tr^lZ 
dorsal  have  each  a  smgle  articular  facet  for  the  eleventh  and 
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twelfth  ribs  respectively,  and  their  '  transverse  processes,'  much 
reduced  in  size,  do  not  articulate  with  the  ribs.  Moreover,  they 
are  smaller  than  in  the  upper  dorsal  region,  and  they  resolve 
themselves  into  three  tubercles  (seen  in  fig.  23).  The  twelfth 
dorsal  may  be  distinguished  from  the  eleventh  by  the  fact  that 
its  lower  articular  processes  look  outward,  like  the  corresponding 
processes  in  the  lumbar  vertebrae.  Its  spinous  process  is  short 
.and  square,  and  more  like  those  of  the  lumbar  vertebrse.  The 

Fig.  23. 


d.  Superior  articular  process,  d 


a.  Superior  or  mammillary  a 
tubercle. 


6.  External   tubercle    (rudi-  6 

mentary  trans.  P.) 
c.  Inferior  or  acccessory  tu-  c 

bercle. 

■6.  Inferior  articular  process,  e 


TWELFTH  DOESAL  VEBTEBEA,  SHOWING  THE  THREE  TUBERCLES  ON  TIIE 
TRANSVERSE  PROCESSES. 

tubercles  of  its  transverse  process  are  always  well  marked.  (Plate 
XLV.  fig.  2.)  It  must  be  remarked,  however,  that  the  above 
■description  of  the  special  characters  distinguishing  the  so-called 
'peculiar  dorsal  vertebrae  '  apply  only  to  vertebra3  which  are  typi- 
cally normal.  In  many  instances  these  appearances  do  not  show 
themselves  in  the  respective  vertebras ;  for  example,  the  twelfth 
may  have  its  inferior  articular  processes  directed /ontJards  as  an 
ordinary  one,  ox  forwards  and  outwards,  or,  again,  the  first  one 
may  have  only  one  whole  facet  upon  the  side  of  its  body.  Con- 
sequently before  making  up  one's  mind  as  to  the  exact  number 
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of  any  given  peculiar  dorsal  vertebra,  one  should  have  regard  to 
the  general  featui-es  of  the  whole  bone  as  well  as  to  the  so-called 
'  distinctive  characters  '  ascribed  to  it. 

Ziumbar  Vertebrae :  Distinctive  Characters. — The  lumbar 
vertebra  have  neither  holes  in  their  transverse  processes  nor 
articulations  for  ribs. 

General   Characters  of  the   I.umbar  Vertebrse  The 

general  characters  of  the  five  lumbar  vertebra  are  as  follows  : 
The  '  bodies '  are  large,  with  their  broad  diameters  transverse,* 
and  firmly  support  the  trunk.    The  vertical  measurement  of  the 
bodies  is  gi-eater  m  front  than  behmd,  in  adaptation  to  the 
lumbar  curve.    Theh-  sides  are  sHghtly  excavated,  which  econo- 
mises weight  and  bulk.    Their  '  spinous  processes '  are  broad, 
m  then-  vertical  measm-ement,  thickest  at  the  lower  border,  and 
give  good  leverage  to  the  extensor  muscles  of  the  spme  :  'they 
stand  out  horizontaUy,  and  so  do  not  mterfere  which  the  exten- 
sion of  the  back.    Their  'transverse  processes'  are  thin  and 
long,  and  appear  Hke  stunted  ribs,  but  are  not  true  ribs.  Their 
'ai-ticular  processes '  are  vertical,  and  very  strong:  the  upper, 
shghtly  concave,  look  towards  each  other ;  the  lower,  shahtlv 
convex,  are  nearer  together,  and  fit  in  between  the  upper  ones 

t      1  articulations  are  so 

shaped  that  they  admit,  not  only  of  extension  and  flexion  of  the 

ITVm^  'V/^^*^^^  °f  bending  of  the  spine  to  one 

vert  br  lT  "^"^  "  "^^'"^  ^  progression.  The 

vertebral  foramen  is  triangular,  with  the  angles  rounded  The 
lower  intervertebral  notches  are  larger  than  the  upper  ones 

Characters  of  the  last  r.umbar  Vertebra.-The  last  lumbar 
ertebra  is  distinguished  (1)  by  the  slope  on  the  lower  surfaTe  o 
ts  k^dy,  in  adaptation  to  the  slope  of  the  sacrum;  (2)  by  the 
ransverse  processes  bemg  short  and  very  thick,  Ind  a4  n' 

cas^s  the  lower  border  of  the  transverse  process  may  be  prolon  "d 
do.n.ard  and  orm  a  rough  articular  surface,  meeting  a  con-e 
Bponding  upward  projection  of  the  back  of  the  ala  of  the  Irum 
as     we  1  seen  m  a  specimen  in  the  anatomical  collection  a  h"' 
rhomas's  Hospital ;  (3)  by  its  lower  articulating  proce  1  being 
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placed  so  widely  apart ;  and  (4)  by  its  spinous  process  being 
somewhat  reduced  in  size,  thereby  leaving  room  for  the  free 
extension  in  this  part  of  the  back. 

The  Fourth  Xaumbar  Vertebra. — This  yertebra  has  very 
frequently  its  inferior  articular  processes  as  far  apart  as  its  upper 
ones,  and  so  appear  like  the  fifth.  We  may  distinguish  it,  how- 
ever, by  its  slender  transverse  processes  arising  from  the  junction 
of  the  pedicles  and  lammtB,  and  not  from  the  body,  as  in  the 
fifth. 

The  Third  Iiumbar  Vertebra. — If  we  are  shown  the  whole 
lumbar  series  we  can  distinguish  this  vertebra  by  the  great  length 
of  its  transverse  processes. 

Tubercles  on  the  Xiower  Dorsal  and  tumbar  Vertebrae. — 

An  observant  eye  looking  at  the  back  of  a  well-marked  spmal 
column  will  find  that  the  transverse  processes  of  the  lower  dorsal 
vertebrae  have  a  tendency  to  resolve  themselves  into  three  bony 
prominences  at  their  extremities.  The  twelfth  (often  the  eleventh) 
transverse  process  actually  terminates  in  three  such  prominences 
or  tubercles ;  one  being  superior,  a  second  inferior,  and  a  thu-d 
external  (see  fig.  23).    The  '  superior  or  mammillary  tubercle  '  is 
close  behind  the  superior  articular  process.    The  'inferior  or 
accessory  tubercle '  is  in  a  straight  line  immediately  below  the 
superior ;  the  '  external '  projects  in  front  of  the  other  two  tuber- 
cles, and  is  seen  to  be  in  a  line  with  that  part  of  the  transverse 
processes  of  the  upper  dorsal  vertebrae  which  bears  the  ribs. 
Now  the  superior  and  inferior  tubercles  gradually  fade  away  in 
the  lumbar  vertebrae ;  btit  the  external  tubercle  increases  in  size, 
and  forms  the  transverse  process  of  the  lumbar  region.  Hence 
the  transverse  process  of  a  human  lumbar  vertebra  is  homologous 
to  that  part  of  the  transverse  process  of  a  typical  dorsal  vertebra 
which  articulates  with  the  tubercle  of  a  rib.    The  tubercles  are 
shown  in  Plate  XLV.  fig.  2. 

In  the  human  subject  these  '  tubercles ' "  serve  only  as 
attachments  for  muscles;  "but  in  some  animals  they  attain  extra- 
ordinary size,  and  have  other  functions.  For  instance :  in  the 
armadillo  (No.  2335  B),  the  superior  tubercle  is  as  long  as  the 
spinous  process  itself,  and  helps  to  support  the  armom-.    In  the 
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Carnivora  the  inferior  tubercles  gaia  a  conspicuous  development 
in  the  lower  dorsal  and  upper  lumbar  regions,  and  contribute  to 
the  lateral  secm-ity  of  the  spine. 


Table  contrasting  the  Important  Parts  of  the  Vertebra  in 
THE  Different  Eegions. 

We  have  shown  how  the  vertebrae  of  the  different  regions  of 
the  spinal  column  may  be  distinguished,  within  certain  limits,  by 
the  examination  of  any  one  of  then'  constituent  parts.  These 
important  parts  are  contrasted  in  the  annexed  table. 


Bodies  ob 
Cexiba. 


Lamina:. 


Spetes. 


Cervical 
Dorsal. — 


1 


Teassvebse 
Peocesses. 


SCPEEIOE 
AlsTlCCLAE 
PB0CE88ES. 


Lumbar 

I  Cervical 
J  Dorsal. — 
\  Lumbar. 

Cervical 
Dorsal. — 
(Lumbar. 
Cervical 

Dorsal.— 

\Lu7nbar.- 
Cervical 


J  Dorsal.- 
^  Lumbar 


—Always  broadest  transversely.  Lateral' ridges  on  upper 
surface. 

Greatest  transverse  measurement  greater  than  antero- 
posterior. Facets  or  parts  of  facets  on  sides  for 
heads  of  ribs. 

Always  broadest  transversely,  somewhat  kidney-shaped, 

no  ridges,  no  facets. 
-Long,  thin,  and  flattened. 
Short,  very  broad  vertically. 
. — Very  short  and  stout. 

•Bifurcated,  grooved  underneath. 
Long,  very  obUque,  tubercle  at  summit. 
. — Broad  and  square. 

.-Bifurcated,  grooved  on  upper  surface.    Foramina  for 

vertebral  artery. 
-Large  and  strong;  facets  for  tubercles  of  ribs,  except 
eleventh  and  twelfth. 
Thin,  long  and  narrow. 

—Surfaces  plane,  inclined  at  angle  of  45°,  look  backward 
and  upward. 

-Surfaces  plane,  almost  vertical,  look  backward  and  out- 
ward. 

.-Surfaces  concave,  vertical,  look  backward  and  inward. 


vertebral  Column  as  a  Whole.-The  spme  is  a  most 
wonderful  pioce  oi  mechanism,  and  has  excited  the  admii-ation  of 
anatomLsts  m  all  ages,  from  the  various  and  apparently  mcom- 
.patible  ofibceH  it  serves  (Plate  XXVI.)  It  forms  a  column,  at 
once  strong  and  firm,  which  supports  the  body  in  the  erect  posi- 
tion; It  IS  flexible,  a^d  so  admits  the  bending  of  the  trunk  in 
various  degrees ;  it  is  elastic,  diminishing  concussion  of  the  head 
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It  forms  a  continuous  canal  at  the  back  of  the  column,  which 
contains  and  protects  the  spinal  cord,  a  basis  for  the  origin  of 
the  muscles  which  spread  over  the  trunk,  and  a  lever  for  the 
muscles  which  keep  the  body  erect. 

Streng'th  of  the  Spine. — The  main  strength  of  the  spine 
depends  upon  this  :  that  it  consists  of  a  chain  of  bones  so  locked 
together  that  the  degree  of  motion  between  any  two  is  limited, 
though  the  sum  of  the  whole  is  extensive.  Another  reason  of 
the  strength  of  the  spine  is  its  arrangement  in  alternate  curves. 
The  largest  primary  curve  is  situated  in  the  dorsal  region,  with 
its  concavity  directed  forwards  to  make  room  for  the  large 
thoracic  viscera;  the  small  counter-curves  are  situated  above 
and  below  in  the  cervical  and  lumbar  regions  respectively. 
Mathematicians  have  calculated  that  it  is  many  times  stronger, 
and  more  adapted  to  resist  vertical  pressure,  than  if  it  were 
straight,  the  force  being  decomposed  by  the  cm-ves.*^"  Look  at 
the  enormous  weight  which  a  man  can  carry  with  ease  and  safety 
on  his  head.  Moreover,  the  curves  convert  the  spine  into  so 
many  elastic  springs,  which  prevent  the  jarring  of  the  brain. 
Besides  this,  the  curves  are  admirably  disposed  for  the  lodgment 
of  the  internal  organs,  and  the  transmission  of  the  weight  of  the 
head  and  trunk  in  the  line  of  gravity.  They  are  so  regular  and 
gentle  withal,  that  the  spinal  cord  runs  no  risk  of  compression ; 
and  lastly,  they  give  the  body  that  graceful  form  which  has  been 
the  '  line  of  beauty  '  in  every  age.  In  infancy  the  spine  above 
the  sacrum  is  almost  wanting  in  curves,  forming  a  nearly  straight 
column,  giving  the  characteristic  upright  appearance  observable 
in  the  backs  of  very  young  children. 

The  weakest  part  of  the  spine  is  about  the  last  dorsal  vertebra : 
firstly,  because  it  is  the  narrowest  part  of  the  column ;  secondly, 
because  it  is  not  supported  by  the  ribs  like  the  higher  dorsal 
vertebrse ;  thirdly,  because  it  is  the  centre  of  the  spine  and  the 
centre  of  motion  in  the  back,  and  therefore  exposed  to  the  power- 
ful leverage  of  the  spine  above  and  below  it.  Again,  at  the  arti- 
culation between  the  last  dorsal  and  the  first  lumbar  vertebrffi, 
the  pliable  lumbar  part  of  the  spine  suddenly  joins  the  compara- 
tively rigid  dorsal  region. 


PLATE  XXVI 
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Curves  of  the  Spine. — The  curves  of  the  spine  are  produced 
partly  by  the  relative  thickness  of  the  bodies  of  the  vertebrae  in 
the  different  regions,  but  cliiejiy  by  the  relative  thickness  of  the 
intervertebral  fibro-cartilages  and  the  tension  and  elasticity  of 
the  '  Hgamenta  subflava '  which  connect  the  lamina. 

Extent  of  Motion  in  Different  Reg-ions. — The  movements 
of  the  spine  are  fourfold — (1)  flexion  and  extension;  (2)  lateral 
inclination ;  (3)  rotation ;  (4)  circumduction.    Flexion  and  exten- 
sion are  fi-eest  in  the  cervical,  less  free  in  the  lumbar,  and  least  free 
in  the  dorsal  region.    The  greatest  exitension  is  permitted  in  the 
cervical  region  and  the  greatest  flexion  in  the  lumbar,  especially 
between  the  fourth  and  flfth  vertebrae.    This  is  chiefly  brought 
about  by  the  different  thickness  of  the  intervertebral  cartilages 
in  the  different  regions.    The  other  movements  are  regulated  by 
the  articular  surfaces.    In  the  cervical  region  the  articular  pro- 
cesses are  set  obhquely  and  nearly  in  the  same  transverse  plane; 
consequently  pure  rotation  or  pure  lateral  inclination  cannot 
occur,  but  a  ghding  motion  round  an  oblique  axis  takes  place, 
the  vertebrae  glidmg  upwards  and  forwards  on  one  side  and 
downwards  and  backwards  on  the  other,  or  vice  versa.    In  this 
way  a  mixtm-e  of  lateral  flexion  and  rotation  is  gained.    In  the 
dorsal  region,  the  articular  processes  lying  in  the  circumference 
of  a  circle  whose  centre  is  between  the  bodies  of  the  vertebrae,  a 
bUght  degree  of  rotation  is  allowed.    In  the  lumbar  region  the 
articular  processes  lie  in  the  circumference  of  a  circle  whose 
centre  is  behind  the  vertebra,  and  hence  no  rotation  can  occur; 
the  articular  processes  allow  of  a  certain  amount  of  lateral 
mclmataon,  which,  mixed  with  flexion  and  extension,  forms  a 
slight  degree  of  circumduction. 

intervertebral  Pibro-Cartilag-e.-The  intervertebral  fibro- 
cartilage  provides  for  the  elasticity  as  well  as  the  flexibility  of  the 
spme.  The  solidity  of  this  substance  gradually  diminishes  from 
the  cn-cumforence  towards  the  centre,  where  it  forms  a  soft  and 
almost  mcompressiblo  pulp,  permitting,  to  a  limited  extent,  the 
motions  of  a  ball-and-socket  joint;  namely,  a  gentle  bend  in 
eveiy  direction.  Its  great  elasticity  breaks  the  force  of  jars  by 
gradually  yielding,  and  always  tends  to  restore  the  column  to 
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its  erect  form.  Long-continued  pressure  during  the  day  will, 
indeed,  make  the  intervertebral  substances  yield,  so  that  a  man 
loses  in  height  perhaps  ^  or  even  ^  an  inch  ;  but  this  is  recovered 
after  a  night's  rest.  At  the  same  time  it  should  be  remembered 
that  a  habit  of  leaning  too  much  on  one  side  wiU  make  the 
yielding  of  the  intervertebral  substance  permanent.  Even  the 
bones  themselves,  while  they  are  growing,  will  yield  under  such 
circumstances.  There  may  be  considerable  distortion  without 
actual  disease. 

Shape  of  the  Column  from  the  Tront. — As  to  the  form 
of  the  column  in  front,  we  observe  that  it  is  pyramidal,  and  that 
the  bodies  of  the  vertebrte  graduaUy  mcrease  in  size  from  above, 
and  form  a  broader  and  broader  base  of  support  as  the  weight  to 
be  supported  by  each  one  in  succession  becomes  greater.  The 
atlas,  in  consequence  of  the  great  projection  of  its  transverse 
processes,  necessary  for  the  rotation  of  the  head,  tops  the  pillar 
like  a  '  capital.'    It  is,  however,  necessary  to  remark,  that  there 
is  a  partial  enlargement  of  the  column  about  the  lower  part  of 
the  cervical  region,  which  gives  a  broader  base  to  the  neck; 
and  again  a  slight  decrease  in  its  breadth,  about  the  thhd  and 
fourth  dorsal  vertebra,  which  allows  more  room  for  the  lungs. 
Moreover,  we  commonly  observe  a  very  gentle  lateral  curve  m 
the  dorsal  region,  particularly  about  the  thhd,  fourth,  and  fifth 
vertebree,  with  the  concavity  towards  the  left  side.    The  cause 
of  this  curve  has  been  much  discussed.    Some  anatomists  attri- 
bute it  to  the  more  frequent  use  of  the  right  arm  ;  others  to  the 
presence  of  the  aorta.   The  solution  of  the  question  is  of  no  prac- 
tical value ;  aU  we  need  remember  is,  that  the  curve  is  natural. 

Back  of  the  Column.- At  the  back  of  the  column,  we 
observe  the  long  row  of  spinous  processes  forming  the  vertical 
interrupted  crest  which  gives  the  name  to  the  'spine.'  The 
spmes  of  the  vertebrte  should  be  examined  on  the  living  subject 
when  the  head  is  bent  forwards  and  the  arms  folded.  At  the 
risk  of  repetition  we  will  again  direct  attention :  1.  To  the  sup- 
pression of  the  spine  in  the  atlas,  which  permits  the  free  exten- 
sion of  the  head.  2.  To  the  great  projection  and  bifurcation  of 
the  spine  of  the  axis  which  gives  attachment  to  the  mferior 
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oblique  muscles  which  rotate  the  head  and  atlas.  3.  To  the 
shortness  and  horizontal  position  of  the  spines  of  the  third, 
foui-th,  and  fifth,  which  allow  of  free  extension.  4.  To  the  spine 
of  the  'vertebra  prominens,'  where  the  Hgamentum  nuchas  is 
attached.  5.  To  the  overlapping  of  the  long  spines  of  the  dorsal 
vertebrae  which  limits  movement  in  the  region  of  the  heart  and 
limgs.  These  organs  could  not  resist  stretching  or  compression 
like  the  abdominal  viscera.  6.  To  the  square  lumbar  spines,  the 
planes  of  which  are  vertical. 

Vertebral  Groove. — On  eithei:  side  of  the  spine  is  a  deep 
furrow,  termed  the  'vertebral  groove,'  and  formed  by  the  laminae. 
It  is  bounded  in  the  neck  and  back  by  the  transverse  processes, 
in  the  loins  by  the  articular  processes.  The  groove  is  narrowest 
about  the  junction  between  the  last  dorsal  and  first  lumbar 
vertebrae  (the  weakest  part  of  the  back),  and  widest  at  the 
sacrum.  The  groove  is  occupied  by  the  strong  muscles  of  the 
back.  The  crest,  being  all  that  we  can  either  see  or  feel  of  the 
spine  dm-iag  life,  is  the  part  we  immediately  examine  in  cases  of 
injury  or  disease.  In  making  this  examination,  we  ought  to  be 
aware  that  the  spines  of  the  several  vertebrae  do  not  always 
succeed  each  other  in  a  precisely  straight  hne,  but  that  one,  here 
and  there,  may  deviate  to  the  right  or  the  left,  even  in  persons 
of  the  strongest  frame. 

Throughout  the  spme  the  mtervertebral  notches,  exceptmg 
those  of  the  atlas  and  the  upper  ones  of  the  axis,  are  in  front 
of  the  articular  processes.  But  it  is  worth  observing  that  the 
transverse  processes  vary  in  position.  In  the  cervical  region  they 
lie  fjetween  the  foramina  and  are  grooved  by  nerves.  In  the  dorsal 
region  they  lie  farther  back  between  the  articular  processes  in 
accommodation  to  the  ribs  which  lie  between  the  foramina.  In 
the  lumbar  region  the  transverse  processes  lie  between  the 
articular  processes  and  the  intervertebral  foramina. 

Vertebral  Canal.— Kespecting  the  vertebral  canal  (shown 
throughout  in  Plate  XXVIL),  remark  how  well  it  is  protected  from 
injury  by  the  breadth  of  the  arches  of  the  vertebrtE.  The  arches 
overlap  each  other,  so  that  it  would  he  difficult  for  a  cutting 
instrument  to  penetrate  anywhere,  except  perhaps  in  the  lumbar 
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region,  and,  again,  between  the  arch  of  the  atlas  and  the  occiput, 
where  animals  are  usually  '  pithed.'  The  area  of  the  canal  is 
larger  in  the  lower  cervical  and  in  the  lumbar  region  than  else- 
where, for  the  reason  that  the  spinal  cord  itself  presents  corre- 
sponding enlargements  in  those  parts  where  the  great  nerves  of 
the  limbs  proceed  from  it.  Observe  well  the  relative  size  and 
mode  of  formation  of  the  intervertebral  foramina  by  the  notches 
(Nor.  Hum.  Ost.,  No.  73). 

Ossification. — As  a  rule,  each  vertebra  is  ossified  in  cartUage 
from  eight  centres,  of  which  three  are  '  principal ' — namely,  one 
for  the  body  and  one  on  each  side  for  the  arch  and  its  processes 
(Nor.  Hum.  Ost.,  No.  35)  :  the  remaining  five  are  '  epiphyses,' 
and  appear,  soon  after  the  age  of  puberty,  as  follows  :  one  in  the 
cartilaginous  end  of  the  spinous  process,  one  in  the  cartilaginous 
end  of  each  of  the  transverse  processes,  and  one  for  each  of  the 
discs  which  form  the  articular  surfaces  of  the  body.  The  five 
epiphyses  appear  from  the  sixteenth  to  the  twentieth  year  and 
become  united  to  the  vertebra  by  bone  about  the  twenty-fifth  year. 

Ossification  usually  commences  at  the  sides  of  the  arch  just 
before  it  begins  in  the  body  of  the  vertebra — viz.  about  the 
seventh  week  after  conception.  The  sides  of  the  arch  unite  first 
at  the  base  of  the  spinous  process,  so  that  the  ossification  of  the 
arch  is  complete  in  the  first  year  after  bhth.  During  the  thii'd 
year  the  bases  of  the  arch  unite  with  the  independently  ossified 
'  centre  '  or  '  body.' 

It  must  be  borne  in  mind  that  the  posterior  parts  of  the  sides 
of  the  bodies  are  ossified  fi-om  the  arches  ;  the  line  of  junction  is 
the  '  neuro-central  suture  '  of  scientific  anatomists.  The  mam- 
millary  processes  are  developed  from  separate  centres  of  ossifica- 
tion, and  occasionally  the  transverse  processes  of  the  first  lumbar 
are  formed  from  nuclei  belonging  to  themselves.  The  anterior 
parts  of  the  transverse  processes  of  the  seventh  cervical  generally 
present  separate  centres  of  ossification,  and  small  nuclei  have 
been  seen  in  the  second,  fifth,  and  sixth. 

It  ought  to  be  mentioned  that  some  anatomists  consider  that 
the  body  of  a  vertebra  is  developed  from  tivo  nuclei  placed  on  either 
side  of  the  middle  line— a  notion  which  is  borne  out  by  the  fact 
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that  we  occasionally  find  a  deficiency  of  a  half  of  one  or  more 
vertebiffi.  A  specimen  in  the  museum  of  St.  Thomas's  Hospital 
shows  the  half  of  a  dorsal  uiterposed  in  a  wedge-shaped  way 
between  the  two  contiguous  vertebrae,  and  Sir  William  Turner 
has  lately  described  the  body  of  the  tenth  dorsal  vertebra  of  a 
Maori  skeleton  as  consisting  of  two  distinct  lateral  wedge-shaped 
portions,  separated  by  a  mesial  cleft. 

Exceptions  to  the  General  Rule. — Where  vertebrae  under- 
go great  modifications  of  form,  we  meet  with  exceptions  to  the 
above  rule. 

Thus  the  atlas  has  one  or  two  centres  of  ossification  for  the 
anterior  arch,  which  appear  in  the  first  year.  The  posterior 
arch  and  lateral  masses  are  formed  from  two  lateral  centres, 
appearing  about  the  seventh  week.  These  lateral  centres  join 
behind  in  the  third  year,  and  unite  with  the  anterior  arch  in  the 
fifth  or  sixth  year.  Frequently  there  is  a  separate  centre  for  the 
rudimentary  spinous  process  at  the  back  of  the  posterior  arch. 
The  development  of  the  axis,  as  far  as  its  neural  arch  and  pro- 
cesses are  concerned,  is  the  same  as  in  an  ordinary  vertebra. 
The  body  is  developed  from  one  or  two  centres  which  are  common 
to  it  and  the  root  of  the  odontoid  process,  and  which  appear 
about  the  fourth  month.  The  rest  of  the  odontoid  process  is 
formed  by  two  lateral  centres,  appearing  a  little  later  than  the 
centre  for  the  body,  and  joining  it  in  the  thu'd  year,  and  a  centre 
situated  at  the  apex  of  the  process  appearing  in  the  second  year. 
The  separate  centres  of  ossification  for  the  odontoid  process  help 
to  justify  the  opinion  that  the  odontoid  process  is  really  the  body 
of  the  atlas. 

Comparative  Osteology. — In  all  known  mammaHa  there 
are  .seven  cervical  vertebra,  with  the  following  exceptions  :  Hoff- 
mann's two-toed  sloth— Choloepus  Hoffmannii  (No.  3439)— has 
six ;  the  Three-toed  sloth— Bradypus  Tridactylus  (No.  3422)— has 
nine.  In  Bradypus,  however,  the  ninth,  and  sometimes  the 
eighth,  bears  a  pair  of  short  movable  ribs ;  the  manatee,  again— 
Manatus  Americanus  (No.  2729)— has  only  six  cervical  vertebras. 
The  n amber  of  cervical  vertebrae  bears  in  no  case  any  relation 
to  the  length  of  the  neck.    The  short  neck  of  the  whale  and  the 
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long  neck  of  the  giraffe  (No.  1437)  contain  each  seven  cervical 
vertebraB.  The  Greenland  fin-whale  in  the  Mus.  Eoy.  Coll.  Surg, 
appears  to  have  but  one  cervical  vertebra.  An  inspection  of  the 
transverse  processes,  however,  shows  that  it  has  seven,  and  that 
they  have  become  anchylosed.  The  lesser  fin-whale,  next  to  it, 
has  the  seven  vertebral  bodies  perfectly  distinct. 

The  bifurcation  of  the  spines  of  the  cervical  vertebrae  is  almost 
peculiar  to  the  human  skeleton.  It  affords  more  room  for  the 
insertion  of  the  powerful  muscles  which  maintain  the  neck,  and 
therefore  the  head,  erect. 

In  the  goriUa,  the  spines  of  the  five  lower  cervical  vertebra 
(No.  20)  are  longer  m  proportion  than  those  of  any  other  known 
animal.  They  measure  from  three  to  four  inches  in  length,  and 
form  one  of  the  most  strikmg  features  of  difference  between  this 
skeleton  and  that  of  man. 

The  whale  (Cetacea)  has  no  odontoid  process,  and  thus  differs 
from  the  manatee  (Skenia),  which  has  a  well-marked  one.  See 
Series  of  Separate  Bones,  Mus.  Eoy.  Coll.  Surg. 

In  the  chameleon  each  of  the  two  lower  cervical  vertebra 
bears  a  pair  of  cervical  ribs  (Nos.  664  a,  665  a)  ;  and  in  the 
snakes  all  the  vertebrae,  excepting  those  of  the  tail,  carry  mov- 
able ribs.  Cervical  ribs  may  also  be  seen  in  crocodiles  (see  Nilotic 
CrocodHe,  No.  717  D). 

When  mammalian  vertebrae  are  very  numerous,  the  great 
number  is  made  up  of  caudal  vertebrae ;  but  when  a  bird's  vertebrae 
are  numerous,  the  nimiber  is  made  up  of  cervical.  There  are  nine 
in  the  neck  of  the  sparrow,  and  twenty-three  in  that  of  the  swan. 

In  the  wading  birds  (Grallatores),  whose  long  legs  raise  the 
body  some  two  feet  or  more  above  the  water  in  which  they  wade, 
the  neck  is  long  enough  to  enable  then-  beaks  to  reach  the  groimd. 
Thus  their  necks  are  in  proportion  to  the  length  of  their  legs. 
See  the  flammgo. 

In  swimming  bu'ds,  as  ducks  and  swans,  the  length  of  the 
neck  is  in  no  relation  to  the  length  of  their  short  legs,  but  is  in 
proportion  to  the  depth  to  which  they  have  to  reach  for  food. 

In  man  the  upper  and  lower  surfaces  of  the  bodies  of  the 
vertebrae  are  slightly  cup-shaped,  and  receive  in  their  depressions 
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the  convex  surfaces  of  the  discs  of  fibro-cartilage,  which  are  placed 
between  the  bodies  of  the  vertebrae,  and  give  the  spinal  column 
its  elasticity.  In  most  fishes  the  bodies  are  so  deeply  cupped  above 
and  below,  that  there  is  a  perforation  in  the  centre  through  which 
the  intervertebral  substances  are  continuous  (Nos.  483-437).  In 
man  the  soft  central  part  of  this  intervertebral  substance  is  [the 
remains  of  the  chorda  dorsaHs,  which  persists  in  fishes,  and  is  con- 
tinuous through  the  central  perforations.  See  the  central  cavities 
for  the  chorda  dorsaHs  in  the  blue  shark.  No.  413 ;  also  No.  13.  In 
the  mud  fish  (Dipnoi)  all  the  notochord  is  persistent,  and  there  are 
no  centra  to  the  vertebrae  whatever.  '  This  may  also  be  seen  in  the 
lamprey,  amphioxus,  &c. 

The  epiphyses  on  the  anterior  and  posterior  surfaces  of  the 
bodies  of  the  vertebrae  should  be  especially  examined  in  the  whale 
(Separate  Series).  They  form  complete  plates  of  great  size,  and 
being  separable  from  the  bodies  of  the  vertebrae  in  many  of 
these  animals,  are  very  abundant  on  the  sea-shore  in  northern 
climates.  It  is  interesting  that  when  H.M.S.  'Hecla'  was 
wrecked,  the  crew  used  these  discs  as  plates. 

In  serpents  (Ophidia)  the  body  of  each  vertebra  is  cup-shaped 
in  front,  and  receives  the  rounded  head  of  the  one  in  front  of  it 
(Nos.  604-609),  and  this  is  the  same  m  many  of  those  of  the 
crocodiles,  in  which  the  upper  surfaces  of  the  bodies  are  cup- 
shaped,  and  each  receives  the  convex  projection  from  the  lower 
surface  of  the  vertebra  above. 

In  many  flymg  bhds,  the  dorsal  vertebrae  are  fixed  to  one 
another  by  fusion  of  the  spmes,  and  often  of  the  transverse  pro- 
cesses and  bodies.  In  bn-ds  that  do  not  fly,  such  as  the  cassowary 
and  the  ostrich,  they  retain  their  mobility  (Nos.  1633,  1633  A-B 
and  1634). 

The  vertebra,  which  vary  in  number  so  widely  throughout 
the  animal  kingdom,  attain  m  the  tiger-boa  (Python  tigris.  No. 
602)  the  enormous  number  of  291  in  all. 

In  tortoises  (Chelonia)  the  dorsal  vertebrse  are  immovably 
connected,  and  have  no  transverse  processes.  The  proximal 
ends  of  the  ribs  unite  directly  with  the  vertebrro,  and  are  also 
immovable. 
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THE  SACBUM. 
(Plates  XXVIII.,  XXIX.) 

Situation  and  Inclination. — The  '  sacrum  '  is  situated 
at  the  back  of  the  pelvis,  and  wedged  in  between  the  two  inno- 
minate bones.  It  forms  the  '  keystone  '  of  the  arch  which  supports 
the  spine,  and  transmits  the  weight  of  it  to  the  lower  limbs. 
Observe  that  it  inclines  backwards,  and  forms,  with  the  last 
lumbar  vertebra,  a  rounded  angle,  termed  the  '  promontory '  of 
the  sacrum.  This  inclination  answers  a  double  purpose  :  it  not 
only  makes  the  pelvis  capacious,  but  breaks  the  force  of  shocks 
transmitted  from  the  pelvis  to  the  spme. 

Composed  of  rive  Vertebrae — Its  general  shape  is  tri- 
angular. It  plainly  consists  of  five  vertebrae, with  their  bodies 
and  processes  all  consolidated  into  a  single  bone.  Examme  its 
anterior  and  posterior  surfaces,  its  sides,  its  base,  and  its  apex. 

Anterior  Surface. — Its  anterior  surface  is  concave  from  above 
downwards,  and  from  side  to  side,  in  adaptation  to  the  pelvic 
cavity.  The  curvature  of  the  bone  forwards,  inferiorly,  not  only 
assists  in  sup]Dorting  the  pelvic  viscera,  but  permits  us  to  sit, 
which  we  could  not  have  done  had  the  bone  projected  like  a  tail. 
In  the  middle,  are  the  anchylosed  bodies  of  the  five  sacral 
vertebrae,  decreasing  in  size  from  above  downwards,  and  the  four 
transverse  ridges  indicating  then'  union.  On  each  side  of  the 
xidges  are  the  four  anterior  sacral  foramina,  with  grooves  leading 
from  them  for  the  passage  of  the  anterior  branches  of  the  sacral 
nerves. 

The  bone  exterior  to  the  foramina,  on  each  side,  is  made  up 
of  parts  which  in  the  three  upper  sacral  vertebrte  are  homologous 
to  ribs.  These  are  united  to  the  bodies,  to  each  other,  and 
to  the  transverse  processes  behind,  so  as  to  form  a  solid  lateral 
mass.    Here  the  '  pyriformis  '  arises.    (Plate  XL VII.) 

Posterior  Surface. — The  posterior  surface  of  the  sacrum  is 
convex,  and  presents,  in  the  middle  line,  the  spines  of  the  four 
upper  sacral  vertebrae,  usually  coalesced  into  a  vertical  crest. 
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for  the  origin  of  the  '  erector  spinae.'    The  last  sacral  vertebra, 
and  sometimes  the  last  two,  have  no  spines,  and  even  their 
arches  are  more  or  less  deficient,  so  that  the  termination  of  the 
vertebral  canal  is  here  left  unprotected  in  the  dry  bone ;  and  in 
the  recent  state  it  is  covered  only  by  a  fibrous  membrane.  This 
explains  the  serious  effects  that  are  apt  to  follow  an  injury  to 
this  part.    Sloughs  from  bed-sores  are  sometimes  deep  enough 
to  expose  the  vertebral  canal.    On  each  side  of  the  crest  is  the 
vertebral  groove  ;  and  here  are  the  faint  traces  of  the  anchylosed 
articular  processes  of  the  sacral  vertebrae.  The  most  conspicuous 
of  these  processes  are  those  of  the  last  vertebra :  they  project 
like  two  knobs  of  bone,  and  are  called  the  '  cornua '  of  the  sacrum  : 
they  correspond  with  the  cornua  of  the  coccyx,  with  which  they 
are  connected  by  hgaments.    Next  to  the  articular  processes  are 
the  four-  foramuaa  which  transmit  the  posterior  sacral  nerves. 
These  posterior  foramina  are  directly  opposite  the  anterior,  and 
are  smaUer  in  size.    Beclard,  in  his  lectures,  relates  the  case  of 
a  sharp  mstrument  runnmg  through  both  into  the  pelvic  cavity. 
The  fifth  sacral  nerve  emerges  through  the  little  '  notch  '  beneath 
the  sacral  cornu.    StHl  more  externally  are  the  '  tubercles,'  in- 
dicatmg  the  anchylosed  transverse  processes.  The  posterior' sur- 
face of  the  sacrum  gives  origin  to  the  erector  spin®,  multifidus 
spinse,  and  gluteus  maximus,  as  shown  in  Plate  XLIII. 

Base  op  Sacrum.— The  base  or  upper  end  of  the  sacrum 
presents  the  oval  surface  of  the  body  of  the  first  sacral  vertebra, 
which  articulates  with  the  last  lumbar,  a  thick  fibro-cartilage 
intervening.  When  the  bone  is  in  its  proper  position,  this  upper 
surface  slants  downwards  and  forwards,  forming,  with  the 
lumbar  vertebra,  the  sacro-vertebral  angle,  or  'promontory.' 
On  each  side  of  the  body  are  its  thick  and  strong  lateral 
masses,  expanded  like  wings,  which  transmit  the  weight  of  the 
trunk  to  the  iliac  bones.  Each  wing  has  a  rounded  edge  in 
front,  which  forms  part  of  the  brim  of  the  true  pelvis,  Behind 
the  body  is  the  triangular  opening  of  the  vertebral  canal  formed 
by  the  vertebral  arches.  Lastly,  on  each  side  of  the  canal  are 
the  articular  processes  for  the  last  lumbar  vertebra.  They  are 
set  very  wide  apart,  giving  a  broad  base  of  support  to  the  spine 
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and  look  backwards  and  inwards,  being  slightly  concave  from  side 
to  side.  In  front  of  each  articular  process  is  the  indication  of 
the  notch  for  the  passage  of  the  last  lumbar  nerve. 

Apex. — The  ajjex  of  the  sacrum  is  formed  by  the  diminutive 
body  of  the  last  sacral  vertebra,  and  has  an  oval  articular  surface 
for  the  coccyx. 

At  the  sides  of  the  sacrum,  notice  the  surface  which  is  con- 
nected to  the  ilium,  forming  what  is  called  the  '  sacro-iliac '  sym- 
physis. Three  sacral  vertebrae  concur  to  form  it.  The  connec- 
tion is  effected  partly  by  cartilage,  partly  by  hgament.  The 
cartilaginous  part  is  in  front,  and  is  mapped  out  on  the  dry  bone 
in  the  shape  of  a  little  ear,  hence  it  is  called  the  '  auricular  '  surface 
of  the  sacrum.  We  may  divide  the  auricular  surface  into  an 
anterior  or  vertical  and  a  posterior  or  horizontal  portion.  The 
surface  is  irregular  and  concave  from  before  backwards,  and  from 
above  downwards  in  both  portions.  Behind  this  is  a  very  rough 
surface,  denoting  the  attachment  of  the  posterior  sacro-iliac  liga- 
ments. Lastly,  the  side  of  the  sacrum  below  the  auricular  part 
gives  origin  to  some  of  the  fibres  of  the  '  gluteus  maximus.' 

Ossification. — The  sacral  vertebrse  are  ossified  like  the  others, 
with  the  addition  of  an  independent  centre  on  each  side  of  the 
first  three  for  the  formation  of  the  lateral  mass,  and  appearing 
from  the  sixth  to  the  eighth  month.  Now,  since  every  vertebra 
has  three  primary  centres  (one  for  the  body  and  two  for  the 
laminge,  or  arches),  and  two  secondary  centres  for  the  body  (the 
discs  on  the  upper  and  lower  surface  appearing  after  puberty), 
the  number  of  centres  for  the  five  sacral  vertebrae  stands  thus  : 

3  X  5  =  15  centres  for  the  bodies. 
2  X  5  =  10  centres  for  the  arches. 

2x3=  6  additional  centres  for  the  lateral  masses  of  the 

  first  three  vertebrae, 

that  is  31. 

To  these  add  four  epiphysial  plates,  two  on  each  side,  the  upper 
for  the  auricular  surface,  the  lower  for  the  outer  margin  of  the 
sacrum  beneath  that  surface,  and  appearing  from  the  eighteenth 
to  the  twentieth  year— making  in  all  35  centres. 


THE  SACRUM 


177 


The  component  parts  of  each  vertebra  unite  together  first. 
Thus  complete,  the  vertebrae  remain  separate  until  about  the 
fifteenth  year,  when  they  begin  to  unite  ;  not  all  at  once,  but  in 
regular  succession  fi-om  below  upwards.  The  lateral  masses 
tmite  before  the  bodies.  The  whole  bone  is  not  consoHdated 
before  the  twenty-fifth  year,  or  thereabouts.  However,  even  in 
advanced  age,  one  sometimes  finds  the  bodies  of  the  upper  sacral 
vertebrae  still  united  in  the  centre  by  cartilage  only. 

Comparative  Osteolog-y — Animals  with  well- developed 
hind-legs,  which  articulate  with  a  pelvis,  have  a  more  or  less  de- 
veloped sacrum,  formed  by  one  or  more  vertebra.  Supple  animals, 
such  as  the  tiger,  will  be  seen  to  have  a  very  rudimentary  sacrum  ; 
the  component  parts  are  not  welded  together  into  a  confused  mass 
like  that  of  man. 

•  Snakes  (Ophidia)  have  no  sacrum,  although  there  are  rudi- 
mentary hind  limbs  in  Typhlops,  Python,  and  Tortrix.  In  the 
dugong  and  manatee  (No.  2647,  Sii-enia)  the  sacrum  is  wanting 
as  well  as  the  hind  hmbs. 

There  is  no  sacrum  in  the  whales  (Cetacea). 

The  simplest  form  of  sacrum  is  seen  in  the  frog.  It  consists 
of  one  vertebra  only,  the  transverse  processes  of  which  are  ex- 
panded to  articulate  with  the  ilia. 


THE  COCCYX. 
(Plates  XXVIII.,  XXIX.) 

Constitution  and  Shape.-The  coccyx  derives  its  name 
from  a  fancied  resemblance  to  the  beak  of  a  cuckoo  {kokkv^.  It 
consists  of  four  or  sometimes  five  rudimentary  vertebrte,  articu- 
lated  (or  anchylosed)  together,  and  successively  decreasing  in 
size,  the  last  being  a  mere  nodule  of  bone.  As  a  whole,  it  is  tri- 
angular. The  body  of  the  first  coccygeal  vertebra  articulates  by 
an  oval  surface  with  that  of  the  last  sacral :  and  it  has  two  little 
articular  processes  termed  '  cornua '  which  are  connected  with 
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the  '  cornua  '  of  the  sacrum,  either  by  fibrous  tissue  or  cartilage. 
The  first  vertebra  has  also  two  rudimentary  transverse  processes, 
and  two  '  notches '  (one  beneath  each  cornu)  for  the  last  sacral 
nerves. 

The  first  coccygeal  vertebra  articulates  with  the  lower  end  of 
the  sacrum  by  an  intervening  fibro-cartilage,  and  the  succeeding 
ones  are  also  separated  by  a  fibro-cartilage.  Thus  the  coccyx 
admits  of  being  bent  backwards  and  forwards,  which  is  of  great 
advantage  in  parturition,  and  gives  as  much  as  one  inch  more 
space  in  the  antero-posterior  diameter  of  the  outlet  of  the  pelvis. 
About  the  age  of  45  or  50,  and  indeed  sometimes  earlier,  these  little 
bones  become  anchylosed  to  each  other  and  often  to  the  sacrum. 
This  condition  is  one  of  the  causes  of  difficult  labour,  and  is  gene- 
rally met  with  in  women  bearing  a  first  child  late  in  life,  and  in 
those  who  have  been  accustomed  to  sit  during  the  greater  part  of 
the  day,  as  in  the  case  of  milliners.^^  Under  these  circumstances, 
the  bone  will  sometimes  break  in  labour.  The  coccyx  gives 
attachment  to  the  '  coccygeus '  and  '  sphincter  ani  externus ' 
muscles. 

Ossification. — Each  bone  of  the  coccyx  is  ossified  from  a 
single  centre.  The  first  begins  to  ossify  soon  after  birth ;  the 
second  from  the  fifth  to  the  tenth  year ;  the  third  about  puberty  ; 
and  the  fourth  about  the  fifteenth  or  twentieth  year. 

Comparative  Osteology. — The  coccyx  in  man  corresponds 
to  the  tail  of  other  animals.  It  now  and  then  happens  that  the 
end  of  the  coccyx  projects  somewhat,  and  is  enclosed  in  a  tube 
of  integument ;  the  man  is  then  said  to  have  a  tail,  and  is  looked 
upon  by  the  vulgar  with  great  suspicion. 

In  Mammalia  the  number  of  caudal  for  coccygeal)  vertebrae 
mostly  far  exceed  those  of  any  other  region.  This  maybe  seen  in 
the  tail  of  the  great  ant-eater,  which  has  forty,  and  that  of  the 
long-tailed  Manis,  which  has  forty-five.  The  Barbary  ape  (No. 
170)  has  but  three  caudal  vertebrae.  The  gibbon  (No.  65)  has 
two.  The  vampire  bat  (No.  3419)  is  the  only  mammalian  animal 
which  has  no  coccyx. 

In  all  birds,  except  the  extinct  Archasopteryx,  the  caudal 
region  of  the  spine  is  shorter  than  the  body,  and  numbers  only 
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eight  or  nine  at  most.  In  nearly  all  birds  the  terminal  vertebra 
will  be  seen  to  be  anchylosed  into  a  ploughshare-shaped  bone,  as 
in  the  ostrich  and  the  vulture  (No.  1674).  In  No.  70  A  (the 
sheat-fish  and  the  hahbut)  the  last  caudal  vertebra  is  triangular 
and  flat,  and  to  the  posterior  edge  of  it  articulate  the  rays  form- 
ing the  tail. 
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BONES  OF  THE  LOWER  EXTREMITY. 

Constituent  Bones. — The  bones  of  the  lower  extremity  con- 
sist of  the  '  femur,'  the  '  patella,'  the  two  bones  of  the  leg, 
namely,  the  'tibia 'and  '  fibula,' the  bones  of  the  'tarsus,'  the 
'  metatarsus,'  and  the  '  phalanges '  of  the  toeS. 

The  femur  articulates  with  the  pelvis.  The  pelvis  consists 
of  the  '  OS  sacrum,'  the  coccyx,  and  the  two  '  ossa  innominata.' 
These  bones  form  an  arch,  of  which  the  sacrum  is  the  keystone, 
and  the  innominate  bones  are  the  pillars.  (Plate  XXXII.)  The 
weight  of  the  spine  is  supported  on  the  top  of  the  sacrum,  and 
the  pressure  is  communicated  down  the  pillars  of  the  arch  to  the 
thigh  bones  which  articulate  with  the  innominate  bones.  It  is 
in  this  way  that  the  weight  of  the  body  is  supported  by  the  lower 
extremities. 


OS  INNOMINATUM. 
,  (Plate.  XXX.) 

General  Description. — The  '  os  innominatum,'  so  named, 
by  Galen,  is  made  up  of  three  bones,  distinct  in  childhood,  but. 
united  in  the  adult,  and  termed  the '  Uium,'  'ischium,'  and  'pubes.' 
Thus  its  constituents  have  received  appropriate  names,  but  the 
bone,  consolidated,  remains  'nameless.'  The  'ilium'  is  the 
expanded  part  which  supports  the  flank  (ilia)  :  the  '  ischium ' 
supports  the  body  in  the  sitting  postm-e  (tV^ta,  the  buttocks)  ; 
the  '  pubes '  is  the  front  part— so  called  from  its  bemg  covered 
with  hair.  All  three  contribute  to  form  the  '  acetabulum,'  or 
socket  for  the  head  of  the  femur,  and  in  the  following  proportions 
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(Plate  XXX.  fig.  8) :  the  ischium  contributes  rather  more  than 
two-fifths,  the  ilium  rather  less  than  two-fifths,  and  the  pubes 
about  one-fifth.  Until  the  age  of  puberty  they  are  separated  at 
the  bottom  of  the  acetabulum  by  a  piece  of  cartilage  shaped  like 
the  letter  Y ;  in  the  adult,  however,  little  trace  is  left  of  the 
original  dinsion,  so  that,  for  practical  purposes,  it  is  better  to 
consider  the  bone  as  one. 

Looking  at  the  bone  generally,  we  notice  that  it  is  constricted 
in  the  middle,  so  as  to  assume  somewhat  of  an  hour-glass  shape. 
The  constricted  portion  we  call  the  '  isthmus  '  of  the  innominate 
bone.  At  this  isthmus  the  bone  is  twisted  in  such  a  way  that 
a  smrface  which  looks  upwards,  inwards,  and  forwards  above 
looks  inwards,  backwards,  and  slightly  upwards  below. 

As  the  iHum,  pubes,  and  ischium  merge  into  one  another  at 
the  isthmus,  without  any  line  of  demarcation  between  them  in 
the  fully  formed  bone,  it  is  more  convenient  to  consider  the  os 
innominatum  as  a  ivhole,  and  as  having  a  general  circumference, 
enclosing  an  external  and  an  internal  surface.  In  studying  the 
relative  bearings  of  the  several  parts  of  the  bone,  it  is  well  to 
hold  it  as  it  Hes  in  the  erect  position  of  the  body.  This  position 
is  obtained  by  placing  the  bone  in  such  a  way  that  the  notch  in 
the  margin  of  the  acetabulum  directly  faces  the  ground,  or  that 
the  anterior  superior  ihac  spine  and  the  spine  of  the  pubes  are  in 
the  same  vertical  plane. 

Circumference. — This  may  be  divided  into  an  upper  part, 
looking  more  or  less  upwards ;  an  anterior  part,  looking  for- 
wards andsUghtly  upwards  ;  lower  part,  lookmg  downwards  and 
slightly  forwards ;  and  a  posterior  part,  looking  backwards  and 
somewhat  inwards. 

The  upper  part,  or  border,  presents  more  the  appearance  of  a 
surface  than  of  a  border.  It  is  called  the  '  crest  of  the  ilium.' 
When  looked  at  from  side  to  side  it  is  pretty  uniformly  convex 
upwards,  with  the  highest  point  of  the  curve  just  behmd  the 
middle. 

When  viewed  from  above  downwards  it  is  curved  so  as  to 
present  from  before  backwards  externally,  first  a  slight  concavity, 
next  a  larger  convexity,  next  a  still  larger  concavity,  and  lastly 
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a  smaller  convexity.    It  commences  in  front  in  a  small  rounded 
projection,  called  the  '  anterior  superior  iliac  spine,'  whicli  lies 
quite  under  cover  of  the  adjacent  overhanging  upper  border  and 
gives  attachment  to  the  outer  end  of  Poupart's  Ugament.  It 
terminates  behind  in  a  similar  projection  named  the  '  posterior 
superior  Uiac  spine,'  also  under  cover  of  the  overhanging  upper 
border,  and  whose  position  in  the  living  body  is  indicated  by  a 
dimple  m  the  skin.    We  divide  the  crest  of  the  Uium  into  an 
outer  and  an  inner  lip  with  an  intervening  rough  surface.  The 
outer  lip  is  the  more  prominent  of  the  two  lips  and  gives  attach- 
ment in  its  anterior  half  to  the  '  external  oblique '  and  in  its 
posterior  half  to  the  '  latissimus  dorsi.'    The  inner  lip  is  not  so 
prominent  as  the  outer  one.    It  is  more  rounded  and  uniform 
in  outline  and  not  so  rough,  and  gives  origin  in  its  anterior  two- 
thirds  to  the  '  transversalis  abdominis,'  and  in  its  posterior  thu-d 
to  the  '  erector  spinse  '  and  '  multifidus  spinas  '  muscles.  The 
'  quadratus  lumborum  '  arises  also  from  about  an  inch  and  a 
half  of  the  inner  lip  in  front  of  the  '  erector  spinse  '  (Plate  XXX.) 
The  intervening  surface  is  rough  and  convex  transversely.  It 
is  specially  broad  in  its  anterior  and  posterior  smaU  thirds 
and  narrow  in  its  large  middle  third.    It  gives  origin  in  its 
anterior  two-thirds  to  fibres  of  the  '  internal  oblique '  and  in  its 
posterior  third  to  parts  of  the  '  erector '  and  '  multifidus  spins ' 
muscles. 

The  anterior  border  commences  above  at  the  anterior  superior 
iliac  spinous  process  and  termmates  below  at  the  '  angle  of  the 
pubes,'  i.e.  the  meeting  of  this  border  with  the  inferior  one,  and 
situated  at  the  upper  end  of  the  surface  for  articulation  with 
the  bone  of  the  opposite  side.  Looked  at  as  a  whole  it  is  con- 
cave from  above  downwards  and  is  directed  forwards  and  slightly 
upwards.  It  presents  immediately  below  the  anterior  superior 
spuie  a  notch,  called  the  'anterior  superior  spinous  notch,' 
rough  and  giving  origin  in  its  upper  half  to  the  '  sartorius  '  and 
in  its  lower  half  to  part  of  the  straight  head  of  the  'rectus 
femoris ; '  next  a  rounded  elevation,  the  '  anterior  inferior  iliac 
spme,'  for  the  attachment  of  the  rest  of  the  straight  head  of  the 
*  rectus  femoris,'  and  below  it  a  rough  sharp  edge  forming  part  of 
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the  circumference  of  the  articular  surface  for  the  femur,  and 
usually  showing  a  notch  indicatuig  the  point  of  junction  of  the 
ihac  and  pubic  portions  of  the  bone  in  this  region.  Eunning 
downwards  and  forwards  from  this  is  a  crest,  the  '  obturator 
crest,'  flattened  in  its  outer  third,  where  it  gives  attachment  to  a 
strong  part  of  the  capsular  hgament  of  the  hip  joint,  smooth, 
prominent,  looking  downwards  and  backwards  and  forming  the 
upper  edge  of  a  groove  situated  immediately  underneath  it,  in  its 
inner  two-thu-ds.  Afc  the  inner  end  of  this  obturator  crest  the  , 
border  is  elevated  into  the  '  spine  of  the  pubes,'  for  the  attach- 
ment of  the  inner  end  of  Poupart's  ligament.  Surgically  the 
spine  of  the  pubes  is  of  great  importance.  It  can  be  readily  felt 
through  the  skin  and  forms  a  guide  to  the  external  abdominal 
and  the  femoral  rings.  Starting  from  the  spine,  and  running 
inwards  and  shghtly  downwards  for  about  three-quarters  of  an 
inch,  is  a  rough  flattened  ridge,  called  the  '  crest  of  the  pubes,'. 
giving  origin  anteriorly  to  the  '  pyramidaHs '  and  posteriorly  to 
the  '  rectus  abdominis '  muscles. 

Inferior  border :  Looked  at  as  a  whole,  this  border  runs 
downwards,  backwards,  and  outwards.  It  presents  a  general: 
convexity  facing  downwards,  forwards,  and  inwards,  and  when 
looked  at  in  its  long  axis  it  appears  sinuous,  so  as  to  present  at 
the  junction  of  its  inner  third  with  its  outer  two-thirds  a  slight 
convexity  pointing  upwards,  inwards,  and  backwards,  and  in  its 
outer  two-thirds  a  larger  convexitypointing  downwards,  outwards, 
and  forwards.  The  border  may  be  conveniently  divided  into  an 
inner  third  or  articular  portion  and  an  outer  two-thirds  or  non- 
articular  part.  The  articular  portion  is  called  the  '  symphysis 
pubis,'  united  to  the  corresponding  surface  of  the  opposite  bone 
by  fibro-cartilage  of  at  least  three-eighths  of  an  inch  in  thick- 
ness in  front,  which  is  elastic,  completing  the  pelvic  arch  below 
and  serv^ing  to  obviate  the  effects  of  concussion.  The  '  symphysis 
pubis '  is  a  flattened  oval  surface  joining  the  inner  end  of  the 
*  crest '  at  what  we  have  already  called  the  '  angle  of  the  pubes.' 
Its  long  axis  runs  downwards,  backwards,  and  slightly  outwai-ds, 
and  measures  about  an  inch  and  a  half  in  the  male  and  rather 
leas  in  the  female.  In  a  well-marked  bone  it  shows  a  series  of 
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antero-posteriorl>  directed  and  parallel  rows  of  rough  tubercles 
for  the  firm  attachment  of  the  fibro-cartilage,  excepting  in  a  small 
elongated  space  which  is  flat  but  rough  and  which  is  placed 
rather  above  and  behind  the  middle  of  the  whole  articular  sur- 
face. The  posterior  edge  of  the  symphysis  is  the  more  pro- 
minent. The  non-articular  part  of  the  lower  border  forms  one 
half  of  the  so-called  '  pubic  arch '  of  the  articulated  pelvis.  It 
forms  a  rough  everted  margin  (more  everted  in  the  female  bone 
than  in  the  male  one),  and  gradually  increasing  in  thickness  as  it 
passes  backwards.  About  the  junction  of  its  anterior  thkd  with 
its  posterior  third  we  frequently  see  a  notch  indicating  the  point 
of  junction  of  the  pubic  and  ischial  parts  of  the  border.  Ex- 
ternally the  border  gives  origin  to  fibres  of  the  '  adductor  magnus,' 
anteriorly  to  fibres  of  the  '  gracilis,'  internally,  where  the  border 
is  slightly  grooved,  to  the  '  crus  penis  '  or  '  crus  chtoridis  '  and  to 
fibres  of  origin  of  the  '  erector  penis '  (Plates  XXX.  and  XXXI.) 

The  posterior  border  begins  superiorly  at  the  posterior  supe- 
rior iliac  spine  and  terminates  below  by  joining  the  posterior 
end  of  the  inferior  border.  Tracing  it  from  above  downwards,  we 
notice  first  a  small  rough  notch,,  called  the  '  posterior  superior 
iliac  spinous  notch,'  for  the  attachment  of  ligaments,  next  a  sharp 
rounded  prominence  forming  the  posterior  extremity  of  an  arti- 
cular surface  seen  on  the  inner  surface  of  the  bone,  and  called  the 
'  posterior  inferior  spinous  process.'  Next  we  come  on  a  large 
smooth  excavation — the  '  great  ischiatic  notch.'  This  notch  is 
converted  into  a  foramen  by  the  greater  and  lesser  ischiatic 
ligaments  (fig.  24),  and  transmits  the  great  vessels  and  nerves 
from  the  pelvis  to  the  buttock,  back  of  the  thigh,  and  fore  part 
of  the  pubic  arch,  viz. 

Gluteal  vessels  and  nerve. 
Pyriformis  muscle. 
Greater  and  lesser  ischiatic  nerves. 
Ischiatic  vessels. 

Pudic  vessels  and  nerve  (out  of  pelvis). 
Nerve  to  obturator  internus  (out  of  pelvis). 

The  upper  two-thirds  of  the  notch  belongs  to  the  ilium,  the 
lower  third  to  the  ischium.    The  lower  end  of  the  great  sciatic 
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notch  is  prolonged  into  a  flat,  triangular  projection,  with  a  blunt 
apex,  and  called  the  spine  of  the  ischium.  It  projects  more  in- 
wards in  the  male  than  in  the  female  bone,  and  in  the  latter 
is  a  very  important  bony  prominence  helping  to  regulate  the 
passage  of -the  foetal  head  in  parturition.  It  gives  attachment 
by  its  apex  to  the  lesser  ischiatic  hgameut,  anteriorly  to  fibres  of 
the  '  coccygeus  '  and  '  levator  ani,'  and  posteriorly  it  gives  origin 
to  the '  superior  gemellus.'  Below  this  spine  we  come  upon  a 
smooth  smaller  notch — the  '  lesser  ischiatic  notch ' — covered  in 


Pig.  24. 


Sacro-ischiatic 
Ligament. 


the  recent  state  by  cartilage  and  Imed  by  synovial  membrane 
for^  the  play  of  the  tendon  of  the  '  obturator  internus  '  muscle. 
This  lesser  ischiatic  notch  is  converted  into  a  foramen  by  liga- 
ments (fig.  24),  and  gives  passage  to 

Tendon  of  the  obturator  internus. 
Nerve  to  obturator  internus  (into  pelvis). 
Pudic  vessels  and  nerve  (into  pelvis). 

Below  the  lesser  sciatic  notch  the  posterior  border  merges 
into  the  posterior  end  of  the  inferior  one  and  forms  a  prominent 
rough  ledge  in  the  adult  bone,  looking  inwards  and  affording 
attachment  to  the  falciform  process  of  the  great  sciatic  hgament 

The  ligaments  converting  the  notches  into  foramina  answer 
three  important  purposes:  1.  They  mamly  contribute  to  the 
fixation  of  the  sacrum,  which  is  the  keystone  of  the  pelvic  arch 
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2.  They  afford  an  extensive  surface  for  the  origin  of  the  great 
muscle  of  the  buttock  (gluteus  maximus).  3.  They  help  to  form 
the  floor  of  the  pelvis,  and  support  the  pelvic  viscera,  without 
adding  much  to  the  weight  of  the  cavity. 

External  Surface. — This  sm-face  is  twisted  at  the  isthmus 
in   such   a  way  that  the   broad  upper   expanded  portion, 
formed  by  the  ilium,  looks  backwards  and  outwards,  and  the 
lower  smaller  portion,  formed  by  the  pubes,  looks  forwards, 
downwards,  and  somewhat  outwards.    Above  the  isthmus  the 
external  surface  forms  a  fan-shaped  space — the  '  dorsum  Uii.' 
The  base  of  the  fan  is  formed' by  the  outer  lip  of  the  iliac  crest, 
and  the  blunt  apex  of  the  fan  is  continuous  with  the  rest  of  the 
bone  along  the  top  of  the  articular  surface  for  the  femur.    It  is 
a  sinuously  curved  space,  following  the  sinuosities  of  the  crest, 
already  described,  and  presenting  a  '  superior,'  '  middle,'  and  an 
'  inferior  curved  line,'  limiting  the  attachments  of  the  three  great 
rotator  muscles  of  the  hip  joint,  viz.  the  '  gluteus  maximus,' 
*  medius,'  and  '  minimus.'    The  '  superior  curved  line '  begins 
above  at  the  outer  lip  of  the  Uiac  crest,  about  an  inch  and  a  half 
in  front  of  the  posterior  superior  iliac  spine,  runs  downwards  with 
its  convexity  directed  backwards,  to  terminate  at  the  top  of  the 
great  sciatic  notch,  a  little  way  in  front  of  the  posterior  inferior 
iliac  spine.    Above  this  line  is  a  rough  surface  for  the  origin  of 
the  *  gluteus  maximus.'    The  '  middle  curved  line '  begins  above 
at  the  iliac  crest,  about  an  inch  and  a  half  behmd  the  anterior 
superior  iliac  spine,  sweeps  upwards  and  backwards,  and  then 
downwards  and  backwards  to  terminate  at  the  upper  part-  of  the 
great  sciatic  notch.    The  rough  surface  between  it  and  the 
superior  curved  line  gives  origin  to  the  '  gluteus  medius,'  and 
close  to  the  line,  and  situated  about  two  inches  or  so  from  its 
lower  end,  are  usually  found  one  or  two  large  nutrient  foramina. 
The  '  inferior  curved  line  '  is  commonly  not  so  well  marked  as 
the  other  two.    It  begins  in  front  at  the  anterior  inferior  spinous 
process,  or  the  lower  part  of  the  anterior  superior  spinous  notch, 
and  runs  nearly  straight  backwards,  curving  slightly  upwards  m 
its  course,  to  terminate  at  the  fore  part  of  the  great  sciatic  notch. 
The  surface  of  bone  between  it  and  the  middle  curved  line  gives 
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origin  to  the  '  gluteus  minimus,'  and  in  the  fore  part  of  the  sur- 
face are  situated  a  number  of  large  nutrient  foramina.  Under 
the  inferior  curved  line  we  come  upon  a  rough,  swollen  sui'face, 
continuous  anteriorly  with  the  upper  part  of  the  rim  of  the 
acetabulum,  and  posteriorly  merging  into  the  part  of  the  external 
sm-face  of  the  bone  formed  by  the  body  of  the  ischium,  in  some 
ossa  innominata  the  line  of  junction  being  indicated  by  a  shallow 
groove  leading  from  the  fore  part  of  the  sciatic  notch  to  the 
margin  of  the  acetabulum.  Above  the  acetabulum  this  part  of 
the  sm-face  is  rough  for  the  origin  of  the  '  reflected  head  of  the 
rectus  muscle '  and  a  strong  part  of  the  capsular  ligament  of  the 
hip  joint.  Posteriorly  it  is  smooth  for  the  play  of  the  overlying 
'  pyriformis  '  muscle,  and  all  over  it,  especially  in  front,  we  notice 
a  number  of  large  nutrient  foramina.  Passing  downwards  we 
come  upon  the  articular  surface  for  the  femur,  called  the  '  aceta- 
hulum'  or  'cotyloid  cavity:  It  is  a  hemispherical  excavation, 
wanting  below,  looking  downwards,  outwards,  and  somewhat  for- 
wards, and  formed,  as  already  said,  by  the  ischium,  ihum,  and 
pubes  in  the  respective  proportions  of  f ,  a  large  ^,  and  a  small  ^. 

The  margin  of  the  cavity  is  sharp,  rough,  and  uneven,  and 
forms  about  three-fifths  of  the  cu:cumference  of  a  circle.  The 
cotyloid  hgament,  attached  to  it,  fiUs  up  its  mequahties  and 
converts  it  into  an  even  uniform  margin.  This  ligament  also, 
under  the  name  of  the  transverse  hgament,  completes  the  cii-cle, 
inferiorly,  by  bridging  over  the  part  of  the  cotyloid  cavity  which 
is  wanting  below.  The  cavity  itself  we  divide  into  a  circum- 
ferential or  horseshoe-shaped  articular  portion  and  a  central  or 
inferior  non-articular  part.  The  horseshoe-shaped  articular 
portion  is  slightly  broader  at  its  posterior  than  at  its  anterior 
end,  but  broadest  of  all  superiorly,  as  it  has  there  to  support  the 
greatest  weight.  Traced  from  the  circumference  towards  the 
centre  of  the  cavity,  the  articular  surface  is  uniformly  concave, 
and  in  some  bones  shows  by  shallow  grooves  the  lines  of  junction 
between  the  iliac  portion  above  and  the  pubic  and  ischial  por- 
tions, situated  respectively  in  front  and  behind,  below  (fig.  25). 
The  groove  is  commonly  best  seen  at  the  line  of  junction  of  the 
iliac  and  pubic  portions.    The  non-articular  part  occupies  the 
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bottom  of  the  cavity  and  communicates  with  the  exterior  by 
means  of  a  large  notch,  lying  between  the  '  heels '  of  the  '  horse- 
shoe '  formed  by  the  articular  portion,  and  known  as  the  '  coty- 
loid notch.'  The  non-articular  part  is  depressed  below  the 
adjacent  articular  surface,  and  is  formed  by  an  exceedmgly  thin 
plate  of  bone.  It  is  covered  by  a  pad  of  fat,  known  as  the  pad 
of  Havers,  and  is  marked  by  a  number  of  large  nutrient  fora- 
mma,  especially  superiorly.  The  'cotyloid  notch'  is  smooth. 
Its  lower  margin  forms  part  of  the  cu-cumference  of  the  '  obtu- 
rator foramen,'  to  be  presently  described.  Its  anterior  and 
posterior  extremities  give  attachment  to  corresponding  branches 


Fig.  25. 
Ilium 


Fig.  28: 


Ischium 


External  Aspect. 


Internal  Aspect. 


DIAGBAM  OP  FOBMATION  OF  ACETABULUM  BY  ILIUM,  ISCHIUM,  AND  PUBES  (modified 

from  Henle). 

of  the  '  ligamentum  teres,'  and  on  it  rest  articular  vessels  and 
nerves  for  the  ligamentum  teres  and  the  Haversian  pad  of  fat. 

Below  and  in  front  of  the  acetabulum  is  the  obturator  foramen,  or 
foramen  ovale.  This  is  a  wide  opening  of  an  oval  form  in  the  male, 
but  triangular,  with  rounded  angles,  in  the  female.  It  is  closed 
in  the  recent  state  by  the  '  obturator  membrane,'  everywhere 
excepting  above  and  in  front,  where  there  is  a  broad  groove 
leading  downwards  and  forwards  for  the  passage  of  the  obturator 
vessels  and  nerve  into  the  thigh.  The  anterior  lip  of  the  groove 
is  rounded  and  formed  by  the  '  obturator  crest.'  It  runs  from 
the  spine  of  the  pubes  upwards,  backwards,  and  outwards,  arches 
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over  the  highest  part  of  the  foramen  ovale,  and  terminates  pos- 
teriorly in  a  rough,  prominent  part  of  the  upper  margin  of  the 
foramen  ovale,  immediately  below  the  lowest  part  of  the  cotyloid 
notch,  and  called  by  some  anatomists  the  'superior  obturator 
tubercle.'    The  posterior  lip  of  the  obturator  groove  is  sharper 
than  the  anterior  lip.    It  begins  below  in  a  projection  of  the 
anterior  margin  of  the  foramen  ovale,  called  the  '  inferior  obtu- 
rator tubercle,'  facing  the  superior  one,  ascends  upwards,  back- 
wards, and  outwards,  and  fades  off  on  the  inner  surface  of  the 
bone  just  in  front  of  the  thinnest  part  of  the  acetabulum.  The 
membrane,  fiUing  up  the  foramen  ovale,  serves  for  the  origin 
of  the  obtm-ator  muscles  just  as  well  as  if  it  had  been  a  plate  of 
bone;  besides  which  it  yields  a  little  during  the  passage  of  the 
head  of  the  child ;  it  materially  lightens  the  pelvis.    Internal  to 
the  obtm-aior  foramen  we  notice  a  four-sided  flattened  surface 
looking  downwards  and  forwards,  and  forming  the  anterior  sur- 
face of  the  '  body  of  the  pubes.'    This  surface  is  bounded  supe- 
riorly by  the  obtm-ator  crest,  spine  and  crest  of  the  pubes  in 
temally  by  the  symphysis,  externally  by  the  inner  mai-gi^  of 
he  obturator  foramen,  and  inferiorly  is  narrowed  and  con- 
tinuous with  the  anterior  sm-face  of  the  '  descending  ramus  of 
^e  pubes     At  the  angle  between  its  upper  and  inner  margins 
we  have  the  'adductor  longus'  attached,  near  the  obturator 
foramen  the  '  obturator  externus,'  and  between  it  and  the  sym- 
physis parts  of  the  'adductor  magnus,'  the  'adductor  brevis  ' 
and  the  '  gracilis.'   The  '  obturator  groove '  gradually  fades  off  in 
the  upper  and  ou  er  angle  of  the  surface.    The  anterior  sur 
face^of  the  descendmg  ramus  of  the  pubes  runs  downwards  and 
backwards  and  ooks  forwards  and  outwards.    It  becomes  con 
tmuouB  m  eriorly  and  posteriorly  with  the  anterior  surface  of 
tha  'ascendrng  ramusof  the  ischium,'  notches  in  the  margins  or 
a  Blight  cross  groove,  indicating  the  line  of  junction.  Close  toit 
inner  border  it  gives  origin  to  part  of  the  '  gracilis   near  , 
o  turator  foramen,  the  ' obturator  externus,'  and  tltZ^Zu^o 
fibres  of  the  '  adductor  magnus '  and  the  '  adductor  hZs^Thl 
anterior  surface  of  the  '  ascending  ramus  of  the  ischium'  ru 
as  near  as  possible  horizontally  backwards  to  terminate  in  the 
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outer  surface  of  the  '  body  of  the  ischium.'  Its  lower  border  is 
thrown  forwards  and  outwards,  especially  so  in  the  female  bone, 
and  gives  attachment  to  the  '  adductor  magnus.'  The  surface 
itself  gives  origin  to  fibres  of  the  '  obturator  externus.'  The  ante- 
rior surface  o^  the  body  of  the  ischium  is  smooth,  marked  by 
several  nutrient  foramina  posteriorly,  gives  origin  to  the  'quad- 
ratus  femoris '  and  becomes  continuous  with  the  '  tuberosity  of 
the  ischium.'  This  tuberosity  is  a  rough,  flattened  eminence 
situated  at  the  junction  of  the  posterior  with  the  inferior  borders 
of  the  bone.  It  looks  backwards  and  slightly  outwards,  and  is 
divided  into  a  larger  upper  part  and  a  similar  lower  part  by  a 
diagonal  line  stretching  across  it  from  above  downwards  and  out- 
wards. The  upper  portion  is  again  divided  into  an  upper  and 
outer  part,  giving  origin  to  the  '  semimembranosus,'  and  a  lower 
and  inner  part  for  the  common  attachment  of  the  '  biceps  '  and 
'  semitendinosus.'  The  part  of  the  tuberosity  below  the  diagonal 
line  gives  origin  to  a  very  strong  part  of  the  '  adductor  magnus  ' 
muscle.  The  inner  border  of  the  tuberosity  has  already  been 
described  as  being  rough  and  prominent  for  the  attachment  of 
the  falciform  process  of  the  great  sciatic  ligament.  It  is  some- 
times termed  the  '  falciform  edge  of  the  ischium.' 

Internal  Surface. — This  surface  is  divided  into  two  parts  by 
a  smooth  ridge,  '  the  ilio-pectineal '  crest,  running  from  above  and 
behind,  first  downwards,  outwards,  and  forwards,  and  then  down- 
wards, inwards,  and  forwards.  The  part  above  the  line  or  crest 
belongs,  as  we  shall  see  afterwards,  to  the  false  pelvis,  and  looks 
forwards  and  inwards ;  the  part  below  the  line  belongs  to  the 
true  pelvis,  and  looks,  taken  as  a  whole,  inwards,  upwards,  and 
backwards. 

Tracing  the  surface  from  above  downwards,  we  notice  first 
in  front  a  large,  smooth,  concave  fossa  looking  forwards  and  in- 
wards, and  named  the  '  venter  ihi,'  or  '  iliac  fossa,'  giving  origin 
in  its  upper  three-fourths  or  so  to  the  '  iHacus  '  muscle.  In  the 
posterior  third  of  this  fossa  we  notice  one  or  two  large  nutrient 
foramina.  The  fossa  is  limited  below  and  inside  by  the  iliopec- 
tineal  crest,  and  below  and  outside  is  continuous  with  the  groove 
already  described  upon  the  anterior  edge  of  the  bone,  lying 
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below  the  anterior  inferior  spinous  process.    Behind  the  venter 
ilii  we  come  upon  a  part  of  the  iHum  which  looks  inwards  and 
slightly  forwards  for  articulation  with  and  attachment  to  the 
lateral  sm-face  of  the  sacrum.    Above  and  behind,  this  part  of 
the  internal  surface  is  rough  and  tuberculated  for  the  attachment 
of  the  posterior  sacro-iliac  ligaments,  while  below  and  in  front  it 
shows  an  '  am-icular  sm*face '  for  articulation  with  the  sacrum. 
The  am-icular  surface  is  rough  and  uneven,  divisible  into  an 
anterior  or  vertical  and  posterior  or  horizontal  portion.  It 
presents  first  a  concavity,  next  a  convexity,  and  next  a  concavity, 
when  traced  from  its  convex  anterior  and  lower  to  its  concave 
posterior  and  upper  edge.    The  whole  of  the  auricular  surface  is 
covered  by  a  thick  layer  of  cartilage,  rubbing  upon  a  still  thicker 
layer  on  the  corresponding  surface  of  the  sacrum.    In  some  cases 
we  may  have  the  two  surfaces  connected  in  part  of  their  extent 
by  fine  transverse  Hgamentous  fibres.    The  '  ilio-pectineal  crest ' 
or  '  line '  forms,  in  the  articulated  pelvis,  part  of  what  is  called 
the  '  brun  of  the  true  pelvis.'    It  divides  the  inner  surface  into  a 
part  above  it,  helping  to  form  what  is  called  the  cavity  of  the  fabe 
pelvis,  and  a  part  below  forming  part  of  the  so-called  true  pelvis. 
It  commences  superiorly  by  two  branches  which  join,  respectively,  1 
the  anterior  and  mferior  lips  of  the  auricular  sui-face  at  about  I 
half  an  inch  above  and  behind  their  angle  of  junction.    These  * 
branches  unite  with  one  another  about  three-quarters  of  an  inch 
below  and  in  front  of  the  auricular  surface,  and  form  a  crest 
which  runs  downwards  and  forwards,  describing  a  curve  with  the 
convexity  directed  outwards.    Inferior ly  and  about  half  an  inch 
above  the  pubic  spine  the  crest  divides  into  two  branches— 
an  anterior  one,  sharp  and  prominent,  and  running  rapidly  for- 
wards to  terminate  in  the  spine  of  the  pubes,  and  a  posterior  one, 
smooth,  not  so  prominent,  in  some  cases  scarcely  visible,  stretch- 
ing forwards,  downwards,  and  inwards  to  join  the  upper  end  of 
the  articular  surface  of  the  symphysis.    The  smooth  triangular  i 
surface  included  by  these  two  branches '  looks  upwards,  back- 
wards, and  inwards,  and  helps  to  make  the  cavity  of  the  true 
pelvis. 

Below  the  ilio-pectineal  crest  we  have  a  large  smooth  surface 
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slightly  concave,  corresponding  to  the  cotyloid  cavity  on  the 
external  surface,  and  giving  origin  to  the  '  obturator  internus ' 
muscle.  It  is  marked  by  nutrient  foramina,  especially  superiorly, 
and  at  the  part  opposite  the  bottom  of  the  cotyloid  cavity  is 
exceedingly  thin.  At  the  anterior  and  inferior  corner  of  the 
surface  we  have  the  upper  end  of  the  '  obturator  groove,'  limited 
below  and  behind  by  the  inner  aspect  of  the  superior  obturator 
tubercle.  Inferiorly  and  posteriorly  it  is  continuous  with  the 
smooth  inner  surface  of  the  body  of  the  ischium  and  the  somewhat 
rough  anterior  and  inner  aspect  of  the  ischial  spine,  the  latter 
giving  attachment  superiorly  to  the  '  coccygeus '  and  inferiorly  to 
the  '  levator  ani.'  The  inner  surface  of  the  body  of  the  ischium  is 
smooth,  covered  by  the  obturator  internus  muscle,  and  continuous 
with  the  small  sciatic  notch.  Below  the  space,  corres]ponding  to 
the  acetabulum  externally,  we  notice  the  inner  aspect  of  the 
obturator  foramen,  already  described,  and  below  this  to  the 
inner  surface  of  the  ascending  ramus  of  the  pubes  and  the 
descending  ramus  of  the  ischium,  with  perhaps  a  sUght  ridge,  or 
it  may  be  a  groove,  indicating  their  line  of  junction.  Below  and 
in  front  of  the  obturator  foramen  we  see  the  smooth  posterior 
surface  of  the  body  of  the  pubes  looking  upwards  as  well  as  back- 
wards. It  is  marked  by  an  oblique  line,  continuous  superiorly 
ivith  the  upper  lip  of  the  obturator  groove,  and  running  down- 
vyards  and  inwards  to  the  lower  end  of  the  symphysis.  The  line 
gives  attachment  to  part  of  the  obturator  fascia  and  limits  in  that 
direction  the  circumference  of  the  '  obtm-ator  internus.'  The 
'  levator  ani '  arises  from  a  little  space  on  the  posterior  surface 
of  the  body  of  the  pubes  immediately  to  the  side  of  the  lower  end 
of  the  symphysis  and  the  '  obturator  internus '  from  the  sm'face  of 
bone,  about  half  an  inch  wide,  immediately  adjoining  the  anterior 
and  inferior  borders  of  the  obturator  foramen.  The  '  constrictor 
Tirethrae '  and  the  '  transverse  perinei '  muscles  are  attached  to 
the  inner  surface  of  the  pubic  and  ischial  rami,  close  to  the  lower 
border  of  the  bone. 

Ossification.— Besides  the  three  pieces  of  which  it  is  origin- 
ally formed,  and  whose  centres  of  ossification  appear  first,  for  the 
ilium,  near  the  sacro-sciatic  notch,  for  the  ischium  near  the 
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acetabulum,  and  for  the  pubis  in  its  horizontal  ramus,  the  os 
innominatum  has  four  '  epiphyses,'  which  begin  to  appear  about 
the  age  of  puberty.    One,  the  marginal  epiphysis,  skirts  the 
crest  of  the  ilium.    There  is  a  second  for  the  anterior-inferior 
spine  ;  a  tlurd  along  the  tuberosity  of  the  ischium ;  and  a  fourth, 
which  forms  a  thin  plate,  at  the  symphysis  pubis.    (See  Nor. 
Hum.  Ost.,  Nos.  64,  65.)    The  Y-shaped  cartilage  at  the  bottom 
of  the  acetabulum  begins  to  ossify  at  puberty.    The  ihum  begins 
to  ossify  at  the  eighth  or  ninth  week  of  foetal  life,  the  ischium 
at  the  end  of  the  third  month,  and  the  pubes  at  the  end  of  the 
fourth  or  fifth.    The  rami  of  the  pubes  and  ischium  unite  about 
the  seventh  or  eighth  year.    The  acetabulum  is  all  bony  about 
the  17th  year.    All  the  epiphyses  unite  to  the  main  bone  about 
the  2oth  year. 

The  Pelvis  in  geneeal. 

Nomenclature — The  pelvis  is  named  from  its  resemblance 
to  a  basin  {-rrsXv^).  The  French  call 
it  '  le  bassin ;  '  and  in  old  EngHsh 
works  it  is  often  spoken  of  as  'the  basm.' 
When  accoucheurs  speak  of  the  true 
peh-is,  they  mean  all  below  the  brim. 
All  above  the  brim  they  call  the  false 
pelvis.  By  the  brim  is  understood  the 
'  linea  ilio-pectinea.'  Again,  they  speak 
of  the  upper  opening  or  '  inlet,'  and  the 
lower  opening  or  '  outlet '  of  the  pelvis. 

Pelvis  a  Iiever  of  the  First  Order. 
— The  pelvis  forms  a  great  arch  of  bone 
which  supports  the  trunk,  and  transmits 
the  weight  of  it  to  the  lower  limbs.  It  con- 
tains and  protects  the  pelvic  viscera,  and 
some  of  the  abdominal.  It  acts  as  a  lever 
of  the  first  order  in  balancing  the  trunk 

on  the  head  of  the  thigh  bone,  as  when  ^™  i'elvis  a  levek  of  iim 
we  stand  upon  one  leg.    But  the  most  ""^"^ 
obvious  action  of  the  pelvis  as  a  lever  of  the  first  order,  is  when 
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■we  raise  the  body  from  the  stooping  to  the  erect  attitude.  In 
this  action  the  fulcrum  F,  as  seen  in  fig.  27,  is  at  the  hip 
joint ;  the  weight  W-  is  the  trunk  of  the  body ;  and  the  power 
is  fixed  to  the  tuberosity  of  the  ischium  P.  The  power  in  this 
case  is  the  contraction  of  the  hamstring  muscles. 

Under  the  head  of  pelvis  in  general  come — 1.  Its  mechanism 
as  an  arch  ;  2.  Its  obliquity  with  regard  to  the  spine  ;  8.  Its  axis ; 
4.  The  diameters  of  the  inlet  and  outlet ;  5.  The  difference  be- 
tween the  male  and  the  female  pelvis. 

Pelvic  Arch :  its  Streng-th.— Its  mechanism  as  an  arch  is 
best  shown  by  sawing  off  the  wings  of  the  ilia,  as  in  Plate  XXXII. 
Such  a  section  shows  the  following  points  :  The  sacrum  forms  the 
broad  keystone  of  the  arch,  and  supports  the  weight  of  the  spine. 
Now  the  sacrum  being  set  very  obliquely,  the  weight  tends  to 
thrust  it  dovrawards  and  backwards.  This  tendency  is  resisted 
by  the  sacrum  being  doubly  wedged,  that  is,  wedged  from  aboA^e 
downwards,  and  from  before  backwards  :  thus,  miless  the  ilia  give 
way,  which  they  never  do,  the  sacrum  cannot  be  dislocated  hack- 
wards.  But  this  is  not  all :  a  reciprocal  irregularity,  or  slight 
'  dovetailing,'  between  the  articular  surfaces  of  the  sacrum  and 
ilium,  and  in  aU  cases  a  '  bite  '  in  front  formed  by  the  edge  of  the 
ilium,  prevent  dislocation  of  the  sacrum /or?t;«rrfs. 

Observe,  in  the  next  place,  that  the  inclination  of  the  arch  is 
such  that  the  weight  is  transmitted  in  a  perpendicular  plane  to 
the  heads  of  the  thigh  bones.  Again,  the  thickest  and  strongest 
part  of  the  arch  is  precisely  in  the  line  of  pressure.  Lastly,  there 
are  three  '  buffers  '  which  break  shocks ;  one  at  the  pubic  sym- 
physis, the  other  two  at  the  sacro-iliac  symphyses. 

Secondary  Arches. — From  the  main  arch,  two  secondary 
arches  proceed,  one  on  either  side  :  these  are  the  '  sitting  arches,' 
and  the  summit  of  each  is  at  the  tuberosity  of  the  ischium. 

The  following  is  a  good  instance  of  the  enormous  weigMl 
the  pelvic  arch  will  bear  without  injury,  provided  the  weight  be 
applied  along  the  arch:  A  waggon  wheel  passed  over  a  man's i 
pelvis  from  side  to  side,  immediately  over  the  symphysis  pubis 
The  man 'stated  that  the  waggon  with  the  load  in  it  weighed 
5  tons  7  cwt.    There  was  no  injury  beyond  an  ecchymosis  of  the 
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scrotum  and  the  upper  part  of  the  thighs.  After  three  weeks, 
the  man  left  the  hospital  well,  with  the  exception  of  a  slight 
lameness. 

Obliquity  of  the  Pelvis — In  the  erect  attitude  the  line  of 
gravity  of  the  spine  falls  perpendicularly  on  the  sacrum,  as  shown 
in  the  Hue  a  h,  fig.  28.  With  this  perpendicular,  the  inclination 
of  the  pelvis  forms  an  angle  {a  h  c,  fig.  29)  of  144°  in  the  male, 
and  140°  m  the  female.    Now  this  angle  is  such,  that  the  line  of 


Fig.  28. 
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LIXE  OF  OBAVITY  OF  THE  BODY.         ANGLE  OF  INCLINATION  OF  THE  PELVIS,  144°. 

gra^-ity  falls  through  the  acetabulum,  and  consequently  the  weight 
is  transmitted  directly  on  to  the  heads  of  the  thigh  bones.  For 
all  practical  purposes,  one  may  ascertain  the  proper  obliquity  of 
the  pelvis  by  holding  it  so  that  the  '  notch  '  shall  be  the  lowest 
part  of  the  acetabulum  fp.  181).  The  end  of  the  coccyx  will  then 
be  about  half  an  inch  higher  than  the  lower  part  of  the  symphysis 
pubis.  J    i  J 

Axes  of  the  PeiviB.-The  axis  of  the  brim  of  the  pelvis,  that 

o  2 
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is,  a  line  passing  at  right  angles  through  the  centre  of  its  plane, 
if  prolonged,  would  pass  from  the  coccyx  to  the  umbilicus.  The 
axis  of  the  outlet  would  fall  on  the  promontory  of  the  sacrum. 
The  axis  of  the  camty  would  form  a  curve  nearly  corresponding 
.with  the  curve  of  the  sacrum.  In  all  operations  about  the  pelvis, 
it  is  of  great  importance  to  bear  in  mind  its  different  axes.  As  a 
useful  practical  rule,  we  may  say,  that  the  axis  of  the  pelvis  corre- 
sponds with  a  line  drawn  from  the  anus  to  the  umbilicus. 

Diameters  of  the  Pelvis. — The  next  point  is  the  diameter 
of  the  pelvis  ;  and  it  is  interesting  because  it  coiiceirns  parturition. 
The  followmg  are  the  average  measurements  for  the  standard 
female  true  pelvis  as  described  by  Gervis  :  The  inlet  or  hrim  of 
the  pelvis  is  somewhat  heart-shaped.  Its  diameters  vary  more 
or  less  in  different  cases :  in  the  recent  state,  with  all  the  soft 

parts  undisturbed,  the  following  are  the  average : 

; )  Inches 

Antero-posterior  or  conjugate   4-25 

ObHque  (from  sacro-iliac  symphysis  to  ileo-pectineal 

eminence)  5 

Transverse      .       .       .       .       .       •       •       .  5'25 

Thus  the  longest  diameter  of  the  hrim  is  the  transverse.  In  this 
dh-ection  the  long  diameter  of  the  head  of  the  child  enters  the 
pelvis. 

The  diameters  of  the  middle  of  the  cavity  are  on  an  average : 

Inches 

Antero-posterior  4-75 

Oblique  S'^o 

Transverse  ^    .       .  ^''^ 

The  longest  diameter  is  therefore  the  obUque  one. 

The  shape  of  the  outlet,  m  the  recent  state,  is  hke  a  lozenge, 
since  the  two  ischiatic  notches  are  blocked  up  by  the  sacro- 
ischiatic  lieaments.    Its  diameters  are  as  follows  : 

°  Inches 

Transverse  (from  one  tuber  ischii  to  the  other)       .  4-25 

Antero-posterior  (from  symphysis  to  tip  of  coccyx)  .  4 
And  from  symphysis  to  lower  end  of  sacrum  the 
antero-posterior  diameter  will  be  .       •  • 
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The  longest  diameter  of  the  outlet,  therefore,  is  from  before 
backwards. 

Now  the  head  of  the  child  enters  the  pelvis  in  the  transverse 
diameter,  but  descends  in  the  oblique,  till  it  presses  ujjon  the 
spines  of  the  ischia.  Here  its  further  progress  is  arrested  by  the 
spmes.  As  the  uterus  goes  on  contracting,  the  slope  of  the 
ischium  on  each  side  compels  the  head  to  turn,  so  that  the  face 
comes  to  he  in  the  hollow  of  the  sacrum.  Consequently,  the  long 
axis  of  the  head  is  brought  into  the  long  axis  of  the  outlet,  and  is 
thus  easily  expelled. 

Male  and  Female  Pelvis. —  The  female  pelvis  differs  very 
little  from  that  of  the  male  till  puberty,  at  which  period  the 
brim  has  a  heart-shaped  form  in  both  sexes.  After  puberty 
the  female  pelvis  begins  to  assume  its  sexual  characters,  which 
are  the  following  : 

1.  The  sacrum  is  wider  and  less  curved;^"*  the  promontory 
less  projecting ;  and  the  coccyx  more  movable  than  m  the  male. 

2.  The  cavity  is  •  shallower,  and  all  its  horizontal  diameters 
broader,  than  in  the  male. 

3.  The  spines  of  the  iha,  the  acetabula,  and  the  tuberosities 
of  the  ischia,  are  wider  apart  than  in  the  male. 

4.  The  symphysis  pubis  is  not  so  deep  :  the  pubic  arch  has  a 
much  wider  span  and  its  branches  are  more  shelving  than  in 
the  male,  facihtating  parturition.-  To  use  an  architectural 
expression,  the  pubic  arch  in  the  female  resembles  a  '  Norman  ' 
arch ;  in  the  male,  an  '  early  EngHsh ; '  the  sub-pubic  angle 
being  about  61°  in  males  and  80°  in  females. 

Comparative  Osteolog-y. — The  ihum  attains  its  greatest  size 
in  the  elephant  and  mastodon.  Observe  the  very  narrow  opening 
in  the  pelvis  of  the  kangaroo  (Marsupialia,  Macropus  major,  Nos. 
3699,  3700).  This  extreme  narrowness  necessitates  the  birth  of 
the  young  when  they  are  only  about  an  inch  and  a  quarter  long. 
They  are  then  almost  shapeless,  and  are  next  placed  in  a  pouch  on 
the  abdomen  of  the  mother,  with  the  nipple  firmly  fixed  in  theii- 
mouths  until  they  are  as  far  developed  as  the  young  of  other 
animals  at  birth.  It  will  thus  be  seen  that  the  mammre  of  the 
kangaroo  open  into  the  pouch.  The  young  are  attached  to  a  long 
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nipple,  and  milk  is  at  first  forced  into  their  mouths  by  the  con- 
traction of  a  muscle  spread  over  the  mammary  gland.  On  the 
pubes  are  seen  two  small  bones  which  do  not  exist  m  man.  They 
are  called  the  '  marsupial  bones,'  and  are  ossifications  or  chondri- 
fications  of  the  internal  pillars  of  the  external  abdommal  rings. 

In  the  extmct  Mastodon  and  Megatherium  the  great  sciatic 
notch  is  converted  into  a  foramen  apparently  by  the  ossification 
of  the  sacro-sciatic  ligament. 

In  the  Hippopotamus  the  transverse  ligament  of  the  aceta- 
bulum is  completely  ossified,  and  the  notch  becomes  a  bony  tunnel. 

In  cetacea  the  pelvis  is  only  represented  by  a  smaU  flat  bone 
on  each  side  of  the  anus,  suspended  in  the  soft  parts ;  and  there 
is  never  more  than  a  trace  of  hind-limb  bones. 

In  birds  the  acetabulum  is  perforated,  the  ischiatic  notch  is 
converted  into  a  complete  foramen,  and  there  is  no  symphysis 
pubis,  excepting  in  the  ostrich. 

The  bones  formmg  the  os  innominatum  remam  distinct 
throughout  hfe  in  some  of  the  lower  animals.  In  No.  1011 
(Testudo  elephantapos)  these  bones  will  be  seen  to  be  fairly  dis- 
tinct.   They  articulate,  but  do  not  coalesce  perfectly  as  m  man. 

In  Kuminants,  Pachydermata,  and  Sohdungula,  the  pehds 
is  large  and  gives  attachment  to  huge  glutei  muscles.  This 
accords  with  the  extensive  development  of  the  great  trochanter 
of  the  femur,  to  which  these  muscles  are  attached. 

Although  ui  snakes  generally,  there  is  no  sternum,  upper 
limb,  or  sacrum,  nor  any  appearance  of  hind  legs,  yet,  in  a  few 
instances,  viz.  typhlops,  python  regius,  and  tortrix,  there  are 
rudiments  of  hind  limbs  in  the  skeleton. 


THE  FEMUE. 
(Plates  XXXIII.,  XXXIV.) 

Iieng-th  and  Direction — The  thigh  bone  is  the  longest  and 
strongest  of  all  the  bones.  Its  great  length,  in  comparison  with 
the  other  bones  of  the  leg,  is  characteristic  of  the  human  skeleton. 
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In  consequence  of  this  comparative  length,  and  of  the  shortness 
of  the  arms,  the  ends  of  the  fingers  in  the  white  man  do  not  reach 
lower  than  the  middle  of  the  thigh  bone.  In  the  chimpanzee  the 
fingers  reach  down  to  the  knee  ;  in  the  om-ang,  down  to  the  ankle. 

The  direction  of  the  thigh  bone  is  not  quite  perpendicular, 
but  slants,  so  that  the  knees  are  nearer  together  than  the  hips ; 
by  this  means  the  knee  joint  is  brought  nearer  the  line  of  gravity 
of  the  body.  This  obliquity  is  necessarily  greater  in  women,  on 
account  of  the  greater  breadth  of  the  pelvis,  and  accounts  for 
their  pecuhar  gait. 

We  have  to  examine  the  'head,'  the  'ueck,'  the  'trochanters' 
for  the  attachment  of  muscles,  the  '  shaft,'  and  the  '  condyles.' 

Head. — The  head  forms  about  three-fourths  of  a  sj^here, 
smooth  and  convex  on  every  part,  except  at  a  point  a  little  behind 
and  heloic  its  centre,  where  there  is  a  depression  for  the  attach- 
ment of  the  '  Hgamentum  teres.'  It  forms  a  perfect  ball-and- 
socket  joint  with  the  acetabulum.  The  margin  of  the  head  does 
not  present  a  uniform  hne  all  round,  but  extends  farther  down 
in  front  and  behind  than  above  and  below.  The  pit  for  the 
'  Hgamentum  teres  '  is  situated  in  the  line  of  axis  of  flexion  and 
extension  at  the  hip  joint.  It  is  somewhat  trefoil  in  shape. 
The  largest  leaflet  is  situated  behind,  the  smallest  above,  and 
the  medium-sized  one  in  front.  The  anterior  and  posterior 
leaflets  are  occupied  by  correspondmg  parts  of  the  '  hgamentum 
teres,'  the  upper  one  by  fat.  The  lower  edge  of  the  depression 
is  rough  and  bulges  out  from  the  adjacent  articular  surface.  In 
the  bottom  of  the  dimple  we  notice  a  number  of  nutrient 
foramina.  When  crusted  with  cartilage  the  ball  fits  so  accurately 
into  its  socket,  that  it  is  retained  in  it  by  atmospheric  pressure 
alone.  It  has  been  ascertained  by  experiment  that  this  pres- 
sure is  about  26  pounds ;  that  is,  more  than  equal  to  sustain  the 
weight  of  the  enthe  limb  with  its  soft  parts.  More  than  this, 
in  walking,  the  legs  swing  like  pendulums,  so  that  we  require 
very  little  muscular  force  to  advance  one  leg  before  the  other.'"''^ 
The  limb  hangs  freely  in  its  socket,  and  the  muscles  do  not  ex- 
pend any  of  their  power  in  keeping  it  there.  Boerhaave  might 
well  say,  '  in  mirabili  articulatione  femoris  Creatorem  adoramus.' 
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Fig.  30. 


Neck.— The  general  direction  of  the  '  neck '  is  upwards, 
inwards,  and  a  Httle  forwards  from  the  shaft.  As  a  result  of 
this  direction  of  the  neck  of  the  thigh  bone,  the  lower  extremity 
naturally  turns  a  little  outwards.  Everything  m  the  bones 
of  the  lower  Umb  and  the  insertion  of  its  muscles,  conforms 
to  this  object.  It  is  this  which  gives  elasticity,  freedom,  and 
grace  to  the  motion  of  the  body  :  we  owe  this  to  nature,  and  not, 
as  some  suppose,  to  the  dancing  master. 

••  ^  In  the  adult  the  neck  is  set  on  to  the  shaft  at  a  very  open 
angle,  about  125°.  But  the  angle  varies  at  different  ages,  in 
harmony  with  the  requirements  of  the  age.  In  children  the 
neck  of  the  thigh  bone  is  so  oblique  that  it  forms  almost  a  gentle 
curve  from  the  axis  of  the  shaft,  as  seen  in  fig.  30.  Therefore 

the  trochanters  do  not  project  nearly 
so  miich  as  in  the  adult  (fig.  31).  This 
is  one  reason  why  it  is  sometimes  diffi- 
cult to  determine  the  precise  nature 
of  accidents  about  the  hip  m  children. 
As  age  advances,  the  neck,  in  some 
instances,  drops  to  nearly  a  right 
angle  with  the  shaft,  as  shown  in  fig. 
32  :  besides  which  its  compact  waUs 
become  thinner,  and  its  cancellous 
tissue  becomes  expanded.  No  wonder, 
then,  the  neck  of  the  femur  is  so  liable 
to  break  in  old  persons.  The  neck 
is  slightly  constricted  in  the  middle. 
It  is  flattened  from  before  backward 
below  where  it  joins  the  shaft  by  what  is 
called  the  '  base  of  the  neck.'  It  is  cylm- 
drical  above  where  it  is  continuous  with 
coMPABATivE  oBMQuiTY  OF  THE  ^liB  head.  Ill  its  long  axis  it  is  curved 
NECK  OF  THE  THIGH  BONE  IN  sHghtly  forwards.    Its  upper  border  is 

THE   CHILD,    THE    ABULT,'  AND  ,  i    i  l-  ^ 

THIS  AGED.  (From  Museum  of  short  and  broad,  presentmg  large  ini- 
St.  Bartholomew's  Hospital.)  ^^^^^^^  foramina  at  each  end.   Its  lower 

border  is  longer  than  the  upper,  and  is  concave  downwards,  show- 
ing nutrient  foramina  in  the  neighbourhood  of  the  overhanging 


Fig.  31. 


Fig.  32. 
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head.  The  upper  two-thirds  of  the  lower  horder  are  smooth  and 
the  lower  thhd  is  rough  and  continuous  with  the  sudden  bend 
upwards  of  the  anterior  intertrochanteric  hne,  to  be  described. 
Its  anterior  surface  is  nearly  flat,  and  at  the  upper  and  inner 
part  it  is  encroached  upon  by  the  articular  surface  of  the  head, 
while  in  the  rest  of  its  extent  it  is  marked  by  nutrient  foramina 
and  deep  grooves  running  in  the  long  axis  of  the  neck  and  lead- 
ing to  large  nutrient  foramina.  Inferiorly  this  surface  is  limited 
hy  the  'anterior  intertrochanteric'  or  '  obhque  line.'  The  pos- 
terior sm'face  is  concaye  in  its  long  axis  and  convex  from  side 
to  side.  Inferiorly  it  is  smooth  and  superiorly  it  is  rough  and 
marked  by  large  nutrient  foramina  and  deep  grooves  leading  to 
similar  foramina.  (Plate  I.)  In  falls  on  the  trochanter  the  neck 
is  sometimes  broken  at  the  base,  and  driven  into  the  shaft 
between  the  trochanters,  forming  what  is  called  an  '  impacted ' 
fracture  of  the  neck.  The  symptoms  of  such  a  fracture  are, 
inore  or  less  shortening  of  the  limb,  diminished  projection  of  the 
trochanter  major,  and  no  crepitus. 

Since  the  great  length  and  obliquity  of  the  neck  of  the  femur 
are  pecuhar  to  man,  let  us  consider  what  advantage  his  skeleton 
gains  by  it.  1.  It  widens  the  base  of  support  for  the  trunk. 
2.  It  disengages  the  shaft  from  the  hip  joint,  and  thus  mcreases 
the  range  of  motion.  What  animal  can  separate  its  legs  so 
widely  as  man?  3.  Greater  space  is  made  for  the  adductor 
muscles,  which  balance  the  pelvis  on  the  inside  of  the  thigh. 
4.  The  greater  trochanter  being  removed  to  a  distance  from  the 
hip  joint  gives  greater  leverage  to  the  powerful  gluteal  muscles 
which  balance  the  pelvis  on  the  outside.  5.  The  weight  of  the 
trunk,  instead  of  falKng  vertically  on  the  shaft  of  the  femur,  is 
transmitted  to  it  by  an  arch. 

Trochanters,  Major  and  Minor — The  trochanters  'major' 
and  '  minor  '  are  outstanding  processes  which  give  great  leverage 
to  the  muscles  rotating  the  thigh  {rpoxdo},  verto).  Observe, 
they  project  behind  the  axis  of  rotation  (which  is  the  centre  of 
the  head  of  the  bone),  an  arrangement  which  further  conduces  to 
the  outward  rotation  of  the  lower  limb  as  the  natural  position. 
The  relation  of  the  trochanter  major  to  the  other  bony  jn'omi- 
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nences  of  the  pelvis  deserves  special  attention,  because  it  is  a 
great  landmark  in  determining  the  natm-e  of  mjuries  about  the 
hip.  The  top  of  the  great  trochanter  in  the  adult  is  about  three- 
quarters  of  an  inch  lower  than  the  top  of  the  head  of  the  bone, 
and  nearly  on  a  level  with  the  spine  of  the  pubes." 

Trochanter  Major.— The  trochanter  major  is  a  contmua- 
tiou  upwards  of  the  external  surface  of  the  shaft  of  the  bone. 
It   is   a  flattened,   four-sided  plate  of  bone,  presenting  four 
borders  and  two  surfaces.    The  anterior  border  is  more  a  surface 
than  a  border,  and  shows  an  urregularly  oval,  rough,  and  depressed 
space  for  the  insertion  of  the  '  gluteus  minimus  '  (Plate  XXXIV.) 
The  posterior  border  is  free,  smooth,  and  rounded,  forms  the 
posterior  hp  of  the  digital  fossa,  and  is  continuous  with  the 
'  posterior  intertrochanteric  line.'    The  inferior  border  is  a  rough 
ridge  separating  the  outer  sui-face  of  the  trochanter  from  the 
outer  surface  of  the  shaft  and  givmg  attachment  to  fibres  of 
the  'vastus  externus.'    The  superior  border  is  broad  in  front,, 
where  it  is  marked  by  two  facets,  the  anterior  one  for  the 
insertion  of  the  '  obturator  internus '  and  '  gemeUi,'  and  the 
posterior   one  for  the  insertion  of  the  '  pyriformis '  (Plate 
XXXIV.)    Behind,  the  superior  border  is  narrow,  and  at  its 
junction  with  the  posterior  border  it  forms  a  sharp  angle  for  the 
attachment  of  the  most  posterior  fibres  of  the  '  gluteus  medius.' 
The  external  surface  is  free,  and  looks  outwards  and  backwards. 
It  is  divided  into  an  anterior  and  a  posterior  smooth  part  by 
the  '  diagonal '  or  '  oblique  line  '  of  the  great  trochanter — more 
an  irregularly  oval  surface  than  a  Kne,  runnmg  from  the  pos- 
terior superior  angle  to  the  anterior  uaferior  angle.    The  diagonal 
hne  gives  attachment  to  the  '  gluteus  medius.'     The  smooth 
part  below  the  line  is  for  the  play  of  the  tendon  of  the  '  gluteus 
maximus,'  a  large  bursa  being  interposed.     The  smooth  part 
above  the  line  is  for  the  play  of  the  *  gluteus  medius,'  a  smaller 
bursa  being  interposed  there  too.  The  internal  surface,  anteriorly 
and  inferiorly,  is  continuous  with  the  upper  extremity  of  the 
shaft ;  posteriorly  and  superiorly,  it  is  free  and  forms  a  deep 
excavation  called  the  '  digital  fossa  '  (Plate  XXXIII.)    The  pit 
is  very  rough,  and  very  often  shows  short  spicules  of  bone  rising 
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from  the  bottom  and  running  into  the  tendon  of  the  '  obtui-ator 
externus,'  which  is  inserted  here. 

Trochanter  Minor. — The  trochanter  minor  projects  from 
the  inner  and  hach  part  of  the  shaft,  just  below  the  base  of  the 
neck.  It  is  a  flattened,  truncated  cone,  rising  by  three  roots  ; 
viz.  a  superior  one  continuous  with  the  lower  border  of  the  neck, 
a  posterior  one  contmuous  with  the  '  posterior  intertrochanteric 
line,'  and  an  inferior  one  continuous  with  the  middle  of  the 
upward  branches  of  the  linea  aspera.  Its  top  is  flattened  and 
rough  for  the  insertion  of  the  'psoas  '  part  of  the  '  ilio-psoas.' 
The  posterior  surface  is  smooth  and  covered  by  the  adjacent- 
borders  of  the  '  quadratus  femoris  '  and  the  '  adductor  magnus.' 
The  superior  and  anterior  surfaces  are  also  smooth,  and  the  lower 
root  gives  insertion  to  the  iliac  part  of  the  '  iUo-psoas.'  (Plate 

xxxin.) 

Observe  that  the  trochanter  mmor  is  directed  backwards  and 
that  the  muscles  mserted  mto  it  tm-n  the  thigh  outwards  at  the 
same  time  that  they  raise  it.  These  are  the  muscles  which, 
in  fi-actui-e  of  the  upper  third  of  the  shaft,  it  is  often  difdcult  to 
prevent  from  tiltmg  up  the  upper  fragment. 

Intertrochanteric  Eidges.— The   '  anterior   intertrochaii^  1^.^  ^ 
terie  ridge  '  commences  above  (in  an  eminence  situated  on  ihS'   ,  ^ 
anterior  aspect  of  the  bone  at  the  upper  part  of  the  base  of  the  W  "fc 
neck  and  internal  to  the  anterior  border  of  the  great  trochanter,  ~~ 
and  calle^e  '  tubercle  '  of  the  femur.    It  runs  obliquely  down- 
wards and  mwards  as  a  flattened  rough  ridge,  separating  the 
anterior  siu-face  of  the  neck  from  the  corresponding  surface  of 
the  shaft,  as  far  as  the  level  of  the  small  trochanter ;  it  then 
divides  into  two  branches,  a  short  upper  and  rough  one  about  an 
inch  long,  stretching  upwards  and  inwards  above  and  outside 
the  small  trochanter,  about  half  an  inch  distant  from  it,  and 
fading  off  in  the  lower  border  of  the  neck.    The  loiver  branch  is 
a  continuation  of  the  main  ridge,  and  runs  downwards,  inwards  ^ 
and  backwards  in  front  of,  and  then  below  the  level  of,  the 
small  trochanter,  to  terminate  in  the  upper  end  of  the  inner  lip 
of  the  linea  aspera.    This  branch  is  not  well  marked  above, 
but  gets  better  marked  below,  and  limits  the  attachment  of  the 
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'  vastus  internus.'  The  main  ridge  and  its  upward  branch  afford 
attachment  to  the  iHo-femoral  and  pubo-femoral  parts  of  the 
capsular  ligament  of  the  hip  joint.  The  main  ridge  and  the 
lower  branch  are  ordinarily  called  the  '  spiral  line.'  The  '  posterior 
intertrochanteric  '  ridge  is  a  very  short  rounded  ridge  connecting 
the  posterior  inferior  angle  of  the  greit^-^Wme  posterior  root 
of  the  small  trochanter.  It  forms  the  lower  limit  of  the  neck 
below  and  behind. 

Shaft — The  shaft  of  the  femur  presents  both  antero-posterior 
and  lateral  curves.  The  antero-posterior  curves  are  two — one, 
a  very  distinct  one,  pointing  forwards  and  occupying  almost  the 
whole  of  the  shaft,  and  the  other,  a  very  much  less  one,  pointing 
backwards  with  the  greatest  projection  at  the  level  of  the  small 
trochanter.  The  highest  point  of  the  curve  forwards  is  situated 
about  the  middle  of  the  shaft,  and  at  this  point  too  the  shaft 
is  narrowest  and  weakest ;  consequently  we  find  it  more  often 
broken  here  than  elsewhere.  The  lateral  curves  are  not  so  well 
marked  ;  one  is  situated  in  the  upper  third,  with  the  convexity 
•directed  outwards,  and  the  other  in  the  lower  third,  with  the 
convexity  pointing  inwards.  Besides  presenting  these  curvatures 
the  whole  shaft  is  twisted  in  such  a  way  that  the  anterior  surface 
looks  forwards  and  slightly  outwards  at  the  upper  extremity 
and  straight  forwards  at  the  lower.  By  means  of  these  cur- 
vatures and  twisting  a  double  advantage  is  gained  :  first,  it 
is  rendered  more  springy  than  if  it  were  straight ;  secondly,, 
more  room  is  gained  for  the  flexor  muscles  behind  and  the 
adductor  muscles  inside,  and  more  power  for  the  extensor  muscles 
in  front.  In  cross  section  the  shaft  at  the  upper  end  forms  a 
four-sided  figure  with  rounded  angles,  and  flattened  from  before 
backwards.  In  the  middle  it  is  triangiilar  with  the  prominent 
apex  of  the  triangle  pointing  backwards,  while  at  the  lower  end 
it  forms  a  triangle  with  rounded  angles  and  the  blunt  apex  of 
the  triangle  looking  inwards.  For  convenience  of  description  we 
consider  the  whole  shaft  as  prismatic,  and  describe  it  as  possess- 
ing internal,  external,  and  ijosterior  borders,  separating  anterior, 
internal,  and  external  siLrfaces. 

The  internal  border  commences  above  at  the  spiral  line,  where 
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that  line  divides  into  its  two  branches,  and  terminates  m  the 
front  of  the  internal  condyle.  It  is  smooth  and  rounded  in  its 
whole  extent,  and  by  its  upper  two-thirds  gives  origin  to  fibres 
of  the  '  crureus.' 

The  external  border  is  very  indistinct.  It  commences  at  the 
anterior  inferior  angle  of  the  trochanter  major,  and  terminates 
at  the  front  of  the  external  condyle,  separating  the  anterior  from 
the  external  surface.  Its  upper  two-thirds  or  so  give  attachment 
to  the  '  crureus.' 

The  posterior  border  forms  a  rough,  strong  buttress  to  the 
middle  third  of  the  shaft,  termed  the  '  hnea  aspera.'  At  first 
sight  it  appears  as  a  single  ridge,  but  look  carefully  and  you  wiU 
find  traces  of  two  borders,  termed  its  external  and  internal 
'  Hps,'  separated  by  a  rough  interval.  About  the  lower  third  of 
the  shaft  these  Hps  diverge  from  each  other,  and  may  be  traced 
to  the  '  tuberosities  '  of  the  condyles.  Of  the  two  the  external  is 
the  more  prominent.  The  internal  is  interrupted  at  its  upper 
end  by  a  smooth  space  for  the  passage  of  the  femoral  artery  to 
the  back  of  the  thigh  and  inferiorly  it  terminates  in  a  prominence 
on  the  inner  tuberosity,  termed  the  '  adductor  tubercle,'  for  the 
attachment  of  a  strongly  tendinous  part  of  the  '  adductor  magnus.' 
The  triangular  interval  between  the  divergence  of  these  lips  is 
termed  the  '  popHteal  surface  of  the  femur,'  and  upon  it  the 
popliteal  artery  rests  in  its  passage  through  the  ham.  It  is  a 
flat  space  showing  numerous  large  nutrient  foramina  at  its  lower 
end  and  gixmg  attachment  inferiorly  and  internally  to  the  inner 
head  of  the  'gastrocnemius.'  At  the  junction  of  the  upper  and 
middle  thirds  of  the  shaft  the  Hnea  aspera  divides  into  three 
branches — an  external  one,  forming  a  low  rough  ridge  termi- 
nating at  the  posterior  inferior  angle  of  the  great  trochanter, 
and  affording  attachment  to  the  '  gluteus  maximus ; '  a  middle 
one,  not  so  well  marked,  terminating  at  the  lower  border  of  the 
small  trochanter  and  affording  attachment  to  the  '  pectineus ' 
and  '  adductor  brevis ; '  and  an  internal  one,  already  described 
as  part  of  the  spiral  line  limiting  the  attachment  of  the  '  vastus 
internus.'  Between  the  middle  and  outer  branches  are  attached 
the  upper  fibres  of  the  '  adductor  brevis  '  and  '  magnus '  muscles. 
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Commencing  in  the  middle  of  the  posterior  intertrochanteric 
line,  and  running  vertically  down  the  bone  for  about  an  inch 
and  a  half,  is  an  indistinct  line— more  an  elevated  surface  than 
a  line,  and  best  marked  above— termed  the  '  linea  quadrati,'  for 
the  insertion  of  the  '  quadratus  femoris  '  muscle. 

What  has  been  said  of  the  linea  aspera  and  its  lower  bifm-ca- 
tions  or  '  condyloid  ridges '  will  help  us  towards  understanding 
the  muscles  attached  to  it.  Take  the  outer  lip.  To  its  whole 
length,  and  to  the  upper  two-thirds  or  so  of  the  outer  condyloid 
ridge,  is  attached  the  '  short  head  of  the  biceps.'  To  the  same 
ridge,  and  immediately  above  the  condyle,  arise  the  '  plantaris  ' 
and  the  uioper  fibres  of  the  outer  head  of  the  '  gastrocnemius.' 
The  inner  lip  gives  attachment  above  to  a  few  fibres  of  the 
'  adductor  brevis,'  in  its  lower  third  to  fibres  of  the  'adductor 
magnus,'  and  in  the  rest  of  its  extent  to  the  closely  connected 
fibres  of  the  'adductor  longus '  and  'vastus  intern  us.'  The 
interval  between  the  two  lips  in  the  upper  two-thirds  is  occupied 
by  the  '  adductor  magnus.'  Excepting  in  the  smooth  part  above, 
the  internal  supra-condyloid  line  gives  attachment  to  the  closely 
incorporated  fibres  of  the  '  adductor  magnus  '  and  '  vastus  in- 
ternus.' 

Usually  at  the  upper  and  at  the  lower  end  of  the  linea  aspera 
is  a  large  foramen  leading  to  a  canal,  directed  upwards,  which 
conveys  a  nutrient  blood-vessel  to  the  marrow. 

The  anterior  surface  lies  between  the  inner  and  outer  borders. 
It  looks  forwards  and  outwards  above  and  forwards  below.  It 
is  convex  from  above  downwards,  excepting  at  its  upper  end, 
where  it  is  slightly  concave.  It  is  convex  also  from  side  to 
side,  excepting  at  its  lower  end,  where  it  is  slightly  concave.  It 
is  broader  above  and  below  than  in  the  middle,  and  gives  origin 
in  its  upper  three-fourths  to  fibres  of  the  'crureus,'  and  in  its 
Ibwer  fourth  to  a  few  shps  which  constitute  the  '  sub-crureus.' 
At  its  lower  end  we  notice  a  number  of  large  nutrient  foramina. 

The  external  sxirface  is  smooth  and  convex  from  before  back- 
wards, affording  attachment  to  the  '  vastus  externus '  and 
'  crureus.'    (Plate  XXXIII.) 

The  internal  surface,  also  smooth  and  convex  from  before 
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backwards,  lies  between  the  internal  and  posterior  borders.  It 
is-  continuous  above  with  the  lower  border  of  the  neck,  imme- 
diately below  which  it  shows  part  of  the  sphral  line.  Inferiorly 
it  looks  forwards  and  inwards,  and  is  continuous  with  the  inner 
surface  of  the  internal  condyle.  Just  below  the  spiral  line,  and 
close  by  the  posterior  border,  it  gives  origin  to  the  '  vastus  in- 
ternus.'  In  the  rest  of  its  extent  it  gives  origia  to  no  muscular 
£bres ;  here  the  bone  is  simply  covered  by  the  fibres  of  the  '  vastus 
internus.'   (Plate  XXXIII.) 

Condyles.— The  lower  end  of  the  femur  gradually  expands 
to  form  the  '  external  and  internal  condyle,'  separated  by  the 
*  intercondyloid  notch.'  Of  the  two  condyles  the  external  is  the 
broader,  both  antero-posteriorly  and  laterally.  It  also  projects 
more  forwards  and  is  placed  more  m  the  du-ection  of  the  long 
axis  of  the  shaft  than  the  internal  one.  The  direction  of  its 
long  axis  is  straight  from  before  backwards,  while  that  of  the 
internal  one  is  obhquely  backwards  and  inwards.  The  inner 
condyle  projects  much  more  downwards,  and  is  fully  half  an  inch 
lower  than  the  outer  when  the  bone  is  placed  perpendicularly, 
but  when  the  bone  slants,  as  it  naturally  does,  both  condyles  are 
on  the  same  level.  This  must  needs  be,  as  the  plane  of  the  knee 
joint  is  horizontal,  in  adaptation  to  the  erect  posture. 

Lookmg  at  the  condyles  individuaUy  we  notice  that  the  '  ex- 
ternal condyle  '  presents  upon  its  anterior,  inferior,  and  posterior 
aspects  a  smooth  articular  surface,  the  anterior  part  of  the  surface 
being  for  articulation  with  the  patella  and  the  rest  for  the  tibia  and 
interposed  fibro-cartilages.   The  patellar  part  is  broad,  four-sided 
convex  transversely  as  well  as  antero-posteriorly.    It  is  limited 
above  by  a  convex  lip,  the  convexity  being  directed  upwards 
and  behmd  by  a  faintly  marked  groove  parallel  with  that  lip 
and  visible  on  the  fore  part  of  the  inferior  aspect  of  the  bone 
Internally  it  is  continuous  with  the  corresponding  surface  on 
the  mternal  condyle,  and  externally  its  margin  separates  the 
external  surface  of  the  condyle  from  the  anterior  and  fore  inrt 
of  the  mferior  surface  of  the  condyle.    Behind  the  curved  hue 
limiting  the  patellar  surface,  we  have  the  coiuhjloid  surface 
proper,  for  articulation  with  the  upper  surface  of  the  external 
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tuberosity  of  the  tibia.  Looking  at  this  surface  as  it  Ues  on 
the  inferior  aspect  of  the  condyle,  we  notice  that  it  is  convex 
from  side  to  side  and  very  sHghtly  so  from  before  backwards. 
As  seen  on  the  posterior  aspect  of  the  condyle,  it  is  convex 
from  side  to  side,  but  very  much  more  so  when  traced  from  above 
downwards.  The  '  condyloid  surface  proper  '  forms  part  of  the 
circumference  of  a  circle  of  which  a  roughness  on  the  external 
surface  of  the  condyle,  for  the  attachment  of  the  external  lateral 
Hgament,  is  the  centre.  Above  the  articular  surface,  pos- 
teriorly, the  condyle  is  rather  concave  in  every  dkection, 
marked  by  several  nutrient  foramina,  and  gives  origin  in  the 
immediate  neighbom^hood  of  the  supra-condyloid  line  to  the 
'  plantaris  '  and  a  few  fibres  of  the  outer  head  of  the  '  gastro- 
cnemius.' The  external  surface  of  the  condyle,  while  traced 
from  before  backwards,  gradually  rises  up  into  a  rough  eminence 
called  the  '  external  tuberosity.'  The  highest  point  of  this 
tuberosity  is  situated  at  the  junction  of  the  posterior  third  with 
the  anterior  two-thirds  of  the  surface,  and  is  continuous  with  the 
lower  end  of  the  external  supra-condyloid  line.  The  posterior 
side  of  the  summit  shows  a  rough  impression  for  the  origin  of 
the  external  head  of  the  gastrocnemius,  while  the  anterior  side, 
in  the  immediate  neighbourhood  of  the  apex,  shows  a  somewhat 
flattened  space  for  the  attachment  of  the  external  lateral  ligament. 
Below  and  behind  the  tuberosity  is  a  deep  groove,  narrower  and 
deeper  below  and  in  front  than  above  and  behind.  It  is  called 
the  '  popliteal  groove,'  and  gives  attachment  at  its  anterior  and 
inferior  end  to  the  popliteal  tendon.  The  upper  two-thirds  of 
the  groove  and  of  the  corresponding  lower  lip  are  smooth  and 
covered  in  the  recent  state  by  cartilage,  to  allow  of  free  play  of 
the  tendon.  The  surface  m  front  of  the  tuberosity  is  slightly 
rough  and  marked  by  a  number  of  large  nutrient  foramina. 
The  internal  surface  of  the  condyle  is  continuous  anteriorly  and^ 
superiorly  with  the  rest  of  the  bone,  while  posteriorly  and  iu- 
feriorly  it  is  free  and  forms  the  external  wall  of  the  '  intercon- 
dyloid  notch.' 

The  '  internal  condyle '  is  narrower  than  the  external  condyle. 
Its  long  axis  runs  obliquely  backwards  and  inwards,  and  it 
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projects  from  the  lower  end  of  the  bone  to  a  greater  extent, 
both  laterally  and  interiorly,  than  the  external  one.  Its  anterior 
surface  presents   above  a  rough   concave  part  marked  by 
nutrient  foramina.   Next  is  seen  the  surface  for  articulation  with 
the  patella — patellar  surface.    This  is  a  less  extensive  surface 
than  the  corresponding  one  on  the  external  condyle,  and  with 
which  it  is  continuous.    It  is  quadrilateral,  with  its  inner  border 
much  smaller  than  its  outer  one.  In  some  femora  the  inner  border 
does  not  exist  at  all,  causing  the  surface  to  be  triangular  in  shape 
with  the  apex  pointing  inwards.    The  inferior  and  posterior 
aspects  of  the  condyle  are  occupied  by  the  condyloid  surface 
proper.    Looking  at  this  surface  we  notice  that  it  presents  a 
much  more  uniform  curve  fi.-om  before  backwards  than  the 
external  one.    If  we  look  more  closely,  however,  we  see  that  its 
anterior  part  is  occupied  by  a  triangular  space  which  does  not 
belong  to  the  circumference  of  the  same  circle  as  that  belongmg 
to  the  rest  of  the  condyloid  surface.    The  base  of  the  triangle  is 
formed  by  the  inner  edge  of  the  condyloid  surface.   The  anterior 
and  posterior  sides  are  formed  by  two  smooth  and  curved  lips 
■with  their  convexities  directed  forwards,  and  converging  from 
the  ends  of  the  base  to  the  fore  part  of  the  intercondyloid  notch. 
The  anterior  side  separates  the  patellar  surface  from  the  condy- 
loid surface.  The  triangular  space  is  called  the  '  oblique  surface,' 
and  on  it  the  tibia  shdes  outwards  in  the  last  act  of  extension 
of  the  knee  joint.    At  the  apex  of  the  triangle  in  well-marked 
femora  we  notice  a  facet  for  articulation  with  the  patella  in  com- 
plete flexion.    The  rest  of  the  '  condyloid  surface  proper  '  is  not 
80  flat  inferiorly  as  the  external  one  is.  When  traced  from  before 
backwards  it  forms  part  of  the  cu-cumference  of  a  circle  of  which 
an  impression  for  the  attachment  of  the  internal  lateral  hgament, 
situated  behind  the  middle  of  the  internal  surface  of  the  condyle, 
is  the  centre.    The  internal  margin  of  the  condyloid  surface  is 
bevelled  off  inferiorly  for  articulation  with  the  spine  of  the  tibia. 
The  internal  surface  of  the  condyle  gradually  rises  up  from  before 
backwards  into  the  '  internal  tuberosity.'     The  summit  of  this 
eminence  is  situated  behind  the  middle  of  the  surface,  and  is 
continuous  above  with  a  prominent  tubercle  formed  by  the  end 
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of  the  internal  condyloid  line,  and  called  the  'adductor  tubercle,' 
for  the  attachment  of  the  lowest  fibres  of  the  '  adductor  magnus.* 
This  tubercle  is  sometimes  very  large  and  so  interferes  with  the 
gripping  of  the  knee  in  riding.  It  is  an  important  landmark  too, 
as  it  is  situated  immediately  below  the  line  of  junction  of  the 
lower  epiphysis  with  the  shaft,  and  can  be  readily  felt  underneath 
the  skin. 

Behind  the  summit  of  the  internal  tuberosity  we  notice  a 
flattened,  rough  space  for  the  attachment  of  the  internal  lateral 
ligament.  The  posterior  surface  of  the  condyle,  above  the 
articular  surface,  is' marked  by  nutrient  foramina,  and  is  rough, 
especially  internally,  for  the  origin  of  the  inner  head  of  the  gas- 
trocnemiu.s.  The  free  part  of  the  external  surface  of  the  condyle 
forms  the  internal  wall  of  the  intercondyloid  notch.  (Plate 
XXXIV.  fig.  3.)  The  tuberosities  being  situated  nearer  the  back 
than  the  front  of  the  condyles  increases  the  strength  of  the  knee 
joint,  for  the  reason  that  the  ligaments  attached  to  them  are 
fixed  behind  the  centre  of  motion,  so  that  they  become  stretched 
when  the  joint  is  extended. 

Trochlea  for  Fatella, — The  patellar  articular  surfaces  of  the 
condyles  unite  to  form  the  pulley  ('  femoral  trochlea ')  over  which 
the  patella  plays.  It  is  four-sided,  but  very  much  narrower 
on  its  inner  than  on  its  outer  side,  so  that  in  some  bones  we  may 
describe  it  as  triangular,  with  the  apex  pointing  inwards.  On 
its  anterior,  internal,  and  external  borders  we  find  a  prominent 
lip  separating  it  from  the  adjacent  rough  surfaces  of  the 
lower  extremity  of  the  bone.  Posteriorly  it  is  separated  from 
the  condyloid  surfaces  proper  by  the  curved  lines  already  de- 
scribed, and  which  lead  from  notches  in  the  lateral  edges  of  the 
articular  surfaces  of  the  corresponding  condyles  to  the  front  of 
the  intercondyloid  notch.  The  larger  share  of  the  pulley  is 
formed  by  the  external  condyle,  and  it  mounts  not  only  higher, 
but  projects  more,  and  is  more  convex  transversely,  than  the 
inner,  preventing  the  natural  tendency  of  the  patella  to  be  drawn 
outwards  by  the  quadriceps  extensor  muscle. 

Intercondyloid  Notch. — This  space  lies  between  the  free 
parts  of  the  condyles.    Its  greatest  breadth  is  nearly  equal  to  that 
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Fig.  33. 


Fig.  34. 


of  the  tibial  articular  surface  on  either  condyle.    It  is  seen  on 
the  lower,  posterior,  and  upper  aspects  of  the  lower  extremity  of 
the  bone.    Its  long  axis  looks  from  above  downwards  and  back- 
wards.   Its  outer  side  is  made  by  the  free  part  of  the  inner 
sm-face  of  external  condyle  and  shows  a  rough  depression  for  the 
attachment  of  the  anterior  crucial  ligament.    The  inner  side  is 
formed  by  the  free  part  of  the  external  surface  of  the  internal 
condyle,  and  is  also  rough,  especially  in  front,  for  the  attachment 
of  the  posterior  crucial  ligament.  It  is  separated  posteriorly  from 
the  popliteal  space  of  the  femur  by  a  smooth  transverse  non-arti- 
cular ridge.   It  is  wider  behind  than  it  is  in  front  and  is  marked 
by  one  or  two  large  nutrient  foramina  at  its  deepest  part.  The 
two  woodcuts  (33  and  34)  show 
very  weU  the  attachments  and  the 
direction  of  the  crucial  ligaments 
a  b,  a  c.    Being  attached  to  the 
condyles  behind  the  centre,  they 
necessarily  Hmit  extension  beyond 
the  straight  line.    But  they  do 
more  :  by  crossing  Hke  braces  they 
prevent  lateral  displacement  of 
the  tibia.     In  the  erect  attitude 
the  flatter  parts  of  the  '  condyloid  surfaces  '  rest  on  the  shallow 
excavation  of  the  tibia,  and  aU  the  ligaments  are  on  the  stretch  ; 
but  when  the  knee  is  bent  the  more  convex  parts  of  the  condy- 
loid surfaces  rest  on  the  tibia,  and  admit  of  a  certain  amount 
of  rotation,  all  the  ligaments  being  loose. 

Mechanism  and  Structure. -Pages  might  be  written  about 
the  wonderful  mechanical  structure  of  this  bone.  The  chief 
points,  however,  which  strike  one  are :  1.  The  oblique  position 
of  the  head  and  the  acetabulum,  with  which  it  articulates.  This 
allows  of  greater  freedom  of  antero-posterior"  motion  than  a 
simple  ball-and-socket  joint,  placed  vertically,  would  admit  of 
2.  The  oUiqvity  of  the  neck.  This  permits  more  of  the  head  to 
rest  m  the  acetabulum,  by  converting  flexion  and  extension  into 
rotation.  It  allows,  too,  more  room  for  the  adductors,  and  gives 
mcreased  power  to  the  great  rotators  by  throwing  their  inser 
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tions  away  from  the  head.  3.  The  obliquity,  curves,  and  twisting 
of  the  shaft  give  elasticity  to  the  bone,  and  so  break  shocks  trans- 
mitted to  the  bone  from  below.  4.  The  obliquity  of  the  lower  end. 
This,  we  have  seen,  is  apparent,  not  real ;  the  plane  of  the  articu- 
lar surface  for  the  tibia  is  horizontal,  the  internal  condyle  pro- 
jecting downwards  to  allow  for  the  divergence  of  the  upper  end 
of  the  bone  caused  by  the  breadth  of  the  pelvis. 

The  internal  structure  of  the  bone  exhibits  in  a  wonderful 
way  the  arrangement  of  the  compact  and  cancellous  tissue,  so  as 
to  give  the  greatest  strength,  elasticity,  and  lightness  to  the  bone. 
The  fibres  of  the  cancellous  tissue  at  the  upper  extremity  are 
Pig.  35.  arranged  in  a  beautiful  way  to 

support  the  articular  surface  of  the 
head,  as  seen  in  fig.  35.  The  me- 
dullary cavity  is  well  developed, 
and  is  interrupted  at  irregular 
intervals  by  thin  transverse  septa 
of  cancellous  tissue. 

The  lower  end  is  enlarged  by 
cancellous  tissue  whose  fibres 
follow  the  ordinary  law  in  being 
arranged  so  as  to  strike  the  plane 
of  pressure  at  right  angles. 

Ossification. — The  femur  is 
ossified  from  three  primary  centres 
(one  for  the  shaft  and  neck,  and 
one  for  each  articular  end),  and 
two  secondary  centres,  one  for 
each  trochanter.  (See  Plate  IV.) 
The  centre  for  the  shaft  appears 
about  the  seventh  week  of  foetal  life.  The  centre  of  the  lower 
epiphysis  does  not  appear  until  withm  the  last  fifteen  days  of 
the  full  term  of  gestation.  Hence  the  existence  of  this  centre 
enables  us  to  pronounce  with  something  like  certainty  as  to  the 
age  of  a  foetus.^*  It  is  the  only  epiphysis  in  which  ossification 
commences  before  birth.  As  this  is  the  first  of  all  tJie  epiphyses 
to  ossify,  so,  in  accordance  with  the  general  law,  it  remains  the 
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longest  a  separate  piece.  The  epiphysis  at  the  upper  end  of 
the  femiu-  inchicles  only  the  head  of  the  bone,  and  begms  to 
ossify  about  one  year  after  birth.  The  great  trochanter  begins  to 
ossify  about  the  thkd  or  fourth  year ;  the  lesser  about  the  four- 
teenth.   All  the  pieces  have  united  about  the  age  of  twenty-one. 

Comparative  Osteolog-y. — In  the  horse,  the  rhinoceros,  and 
the  tapir  (Perissodactyla)  the  gluteal  ridge  is  so  largely  developed 
that  it  has  received  the  name  of  a  '  third  trochanter.'  The  lower 
end  of  the  femur  in  most  mammals  presents  three  separate 
articular  sm-faces,  viz.  the  patellar  articulation  and  two  condyles. 
In  man  these  three  are  blended  into  one,  although  there  can  be 
seen  a  trace  of  the  separation  along  the  lower  border  of  the 
surface  for  the  patella.  The  actual  separation  in  man  does  exist 
in  the  foetus,  but  becomes  obliterated,  the  three  articulations 
merging  into  one.  The  ligamenta  alaria  and  the  ligamentum 
mucosmn  are  the  only  remains  of  the  originally  separate  synovial 
membranes  of  the  knee  joint. 

In  elephants  (Proboscidia)  when  standing,  the  bones  of  the 
leg  and  thigh  are  vertical,  as  in  man. 

If  you  examine  the  femurs  of  birds  you  will  find  they  have  but 
one  trochanter,  viz.  that  corresponding  to  our  trochanter  major. 

In  two  or  three  serpents,  e.g.  Python  tigris  (No.  602),  Python 
regius  (No.  629),  there  are  rudimentary  hind  limbs  ending  in 
hook-Hke  claws  sheathed  in  horn.  These  claws  are  put  in  action 
by  certain  muscles,  and,  serving  as  antagonists  to  the  tail,  give 
it  greater  prehensile  power. 

The  ventral  fins  of  fish  correspond  to  the  hind  limbs  of  other 
animals. 


THE  PATELLA. 
(Plate  XXXV.) 

This  is  a  flat  triangular  bone  gliding  on  the  trochlear  surface 
of  the  femur,  and  with  its  apex  pointing  downwards.  It  presents 
anterior,  posterior,  and  superior  surfaces,  and  inner  and  outer 
borders. 

Its  anterior  svr/ace  is  convex,  and  marked  by  longitudinal 
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streaks,  indicating  the  insertion  of  the  fibres  of  the  '  quadriceps  fex- 
tensor  cruris '  tendon,  and  also  by  a  number  of  vascular  foramina. 

Its  posterior  surface  is  divisible  into  a  smaller  lower  non-arti- 
cular part  and  a  larger  upper  articular  portion.  The  non-articular 
part  lies  under  cover  of  the  apex  of  the  bone.  It  is  triangular 
in  shape  and  is  rough,' and  shows  several  large  nutrient  foramma. 
It  attaches,  by  its  inner  and  outer  margin  and  its  apex,  fibres  of 
the  hgamentum  patellae,  and  m  the  rest  of  its  extent  is  covered 
by  fat  underlying  the  synovial  membrane  of  the  knee  joint. 
The  upper,  articular  portion  is  for  articulation  with  the  trochlea. 
It  is  large  and  quadrilateral,  rises  higher  up  externally  than 


Fig.  36. 


a. 


AETICULAE  SUEFACE  OF  THE  EIGHT  PATELLA. 

a,  b,  in  contact  with  femur  in  complete  flexion. 
6,  c         „  ,,  rectangular  flexion. 

d,  e         ,,  „  semi-extension. 

f,g         I,  „  complete  extension. 

internally,  and  is  unequally  divided  into  two  parts  by  a  smooth 
vertical  ridge.  The  outer  part  is  the  larger.  It  is  concave  from 
side  to  side  and  is  further  subdivided  into  three  facets,  uj)per, 
middle,  and  lower,  by  smooth  and  faintly  marked  transverse 
ridges  for  articulation  with  the  outer  part  of  the  trochlea  in 
certain  positions  of  the  knee  joint.  The  inner  part  is  again  sub- 
divided into  two  unequal  portions  by  a  smooth  vertical  ridge. 
The  smaller  is  the  inner  portion.  It  lies  close  to  the  inner  edge 
of  the  bone,  and  articulates  with  the  facet  situated  at  the  inner 
angle  of  the   oblique  surface  '  of  the  femur  ia  extreme  flexion 
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of  the  knee  joint.  The  larger  external  portion  is  further  sub- 
divided into  three  facets  by  two  faintly  marked  elevations  of  the 
articular  surface,  viz.  an  upper,  middle,  and  lower  for  articulation 
with  the  femur  in  certain  positions  of  the  knee  joint.  (See  fig.  36.) 

The  upper  surface  or  base  of  the  bone  is  triangular  m  shape 
and  looks  upward  and  forward.  It  gives  attachment  in  front  to 
fibres  of  the  '  quadriceps  extensor  '  tendon. 

The  inner  and  outer  borders  are  convex  and  rough,  and  give 
attachment  each  to  its  own '  lateral  patellar  ligament.' 

The  (qjex  is  pointed,  and  gives  attachment  to  the  ligamentum 
pateUae. 

Structure  and  DIechanism. — In  structure  the  pateUa  con- 
sists of  a  mass  of  cancellous  tissue  covered  by  a  thin  layer  of 
compact  bone,  forming  the  longitudinal  ridges  with  the  interven- 
ing grooves  for  the  attachment  of  the  tendon  of  the  quadriceps 
extensor  cruris  muscle. 

It  is  the  largest  and  best  example  of  a  sesamoid  bone.  It  is 
developed  in  the  extensor  tendon  of  the  knee,  where  it  protects 
the  knee  joint  and  increases  the  power  of  the  extensor  muscles  by 
enabling  them  to  act  at  a  greater  angle.  It  is  a  principle  in 
mechanics  that  the  efficiency  of  a  force  which  acts  upon  a  lever  is 
greatest  when  its  direction  is  at  right  angles  to  the  lever,  and  that 
the  force  decreases  as  the  obHquity  of  its  direction  is  increased. 

The  patella,  thus  serving  a  mechanical  purpose  m  the  sub- 
stance of  the  extensor  tendon,  is  liable  to  be  broken  by  a  sudden 
and  violent  action  of  the  extensor  muscles,  as  in  making  a 
strong  effort  to  regain  the  balance  of  the  body  in  danger  of  fall- 
ing backwards.  In  this  position — that  is,  when  the  knee  is 
half-bent— the  upper  part  of  the  patella  is  not  supported  by  its 
trochlea  :  there  is  a  hollow  under  it,  and  here  the  patella  snaps 
transversely,  like  a  stick  broken  across  the  knee.  The  broken 
ends  separate  widely,  and  therefore  in  these  transverse  fractures 
it  is  very  difficult  to  obtain  osseous,  and  not  ligamentous  reunion. 

But  even  when  the  knee  is  extended,  violent  muscular  con- 
traction is  able  to  snap  the  patella.  Desault  speaks  of  both 
patellee  being  broken  by  convulsions  in  a  patient  after  he  had 
been  cut  for  the  stone. 


"^^^  THE  PATELLA 

Ossification.— The  patella  is  developed  from  a  single  centre 
which  appears  about  the  third  year.   It  is  not  fully  ossified  until 
the  age  of  fourteen  or  fifteen. 


THE  TIBIA. 
(Plate  XXXV.) 

Situation  and  Direction.— The  tibia  is  the  larger  of  the  two 
bones  of  the  leg,  and  is  placed  on  the  inner  side.  It  entirely 
supports  the  condyles  of  the  femur,  and  transmits  the  weight  of 
the  body  to  the  foot.  Its  direction  is  not  oblique  Uke  the  femur, 
but  vertical;  so  that  in  well-formed  legs  the  two  tibis  should  be 
parallel.  Let  us  examine  in  succession  the  upper  end,  the  shaft, 
and  the  lower  end. 

Head. — The  upper  end  is  called  the  '  head '  of  the  tibia.  It 
is  very  broad  in  the  transverse  direction  for  the  support  of  the 
condyles  of  the  femur  :  this  great  breadth  is  another  peculiarity 
of  the  human  skeleton.  The  two  articular  surfaces  for  the  con- 
dyles are  very  shallow  in  the  dry  bone,  but  slightly  deepened  in 
the  recent  state  by  discs  of  fibro-cartilage  (termed  the  '  semilunar 
cartUages ').  These  cartilages  convert  the  shallow  articular  sur- 
faces of  the  tibia  into  variable  sockets  ;  that  is,  sockets  which  adapt 
themselves  to  the  varying  forms  of  the  condyles  in  flexion  and 
extension  of  the  knee.  The  oute?-  articular  surface  is  more  or  less 
round,  slightly  concave  from  before  backwards  and  from  within 
outwards.  It  appears  as  a  gradual  rising  up  of  the  bone  from 
the  margin  of  the  articular  surface  to  the  top  of  the  '  spine  ' — an 
eminence  which  lies  between  the  two  articular  sm-faces.  The 
in7ier  is  oval,  with  the  long  diameter  from  before  backwards.  It 
is  more  concave,  especially  internally,  and  narrower  than  the 
outer  one.  Its  inner  part  rises  up  abruptly,  to  be  continuous  with 
the  inner  surface  of  the  '  spine.'  Both  articular  surfaces  show 
flattened  crescentic  spaces  at  their  margins,  upon  which  rest  the 
semilunar  fibro-cartilages.  The  crescentic  space  is  usually  best 
seen  upon  the  internal  surface.  The  condyloid  surfaces  of  the 
femur  will  therefore  touch  only  the  internal  and  external  parts 
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of  the  external  and  internal  condyles  respectively.  Between  the 
articular  surfaces  is  the  projection  termed  the  '  spine.'  It  lies  in 
the  intercondyloid  notch,  actmg  like  the  flange  of  a  wheel  and 
preventing  lateral  displacement  of  the  tibia  from  the  femm-  at 
the  knee  joint.  Its  inner  and  outer  sides  are  articular  and  con- 
tinuous with  the  corresponding  articular  surfaces  on  the  head  of 
the  bone.  The  front  of  the  spine  is  rough  and  gives  attachment 
internally  to  the  anterior  crucial  ligament  and  externally  to  the 
anterior  end  of  the  external  semilunar  fibro-cartilage.  The  pos- 
terior surface  of  the  spine  is  also  rough  and  gives  attachment  to 
the  posterior  end  of  the  external  semilunar  fibro-cartilage  and 
shghtly  to  that  of  the  internal. 

In  front  of  the  spine  is  a  triangular,  rough  surface,  looking 
upwards,  and  marked  by  a  number  of  nutrient  foramina  for  blood- 
vessels derived  from  the  adjacent  '  infra-patellar  synovial  pad.' 
On  it  rests  too  thetransverse  ligament  connecting  the  anterior  ends 
of  the  semilunar  fibro-cartilages.  It  gives  attachment  likewise 
to  the  anterior  extremity  of  the  internal  and  to  some  fibres  of 
the  external  semilunar  fibro-cartilage  and  of  the  anterior  crucial 
ligament.  Behind  the  spme  is  another  rough  space,  not  so  exten- 
sive as  the  one  in  front.  It  is  rough  and  looks  backwards  as  well 
as  upwards.  It  gives  attachment  to  the  posterior  end  of  the 
internal  semilunar  fibro-cartilage,  the  lower  end  of  the  posterior 
crucial  ligament,  and  anteriorly  to  fibres  belonging  to  the  posterior 
extremity  of  the  external  semilunar  fibro-cartilage. 

Tuberosities,  External  and  Internal. — The  lateral  masses 
which  support  the  articular  surfaces  are  called  the  '  tuberosities ' 
of  the  tibia.  The  external  tuberosity  has  at  its  back  part  a  small 
nearly  circular  articular  surface  for  the  head  of  the  fibula :  this 
articular  surface  is  on  a  kind  of  bony  ledge,  and  its  direction  is 
obliquely  downwards,  backwards,  and  outwards.  The  internal 
tuberosity  is  much  larger,  and  projects  more  than  the  external. 
It  has  a  horizontal  groove  behind  for  the  insertion  of  the  '  semi- 
membranosus.' About  one  inch  and  a  half  below  the  head  of 
the  tibia,  and  in  front  of  it,  is  the  *  tubercle '  for  the  insertion  of 
the  common  extensor  tendon  of  the  leg  (ligamentum  patellfe). 
In  a  few  tibi®  we  notice  that  the  lower  part  of  the  tubercle 
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IS  rough  for  insertion  of  the  ligament,  and  the  upper  part  smooth 
to  allow  the  easy  play  of  the  tendon  (a  bursa  being  interposed 
between  the  ligament  and  the  bone).  Starting  from  the  superior 
internal  and  superior  external  angles  of  the  'tubercle'  are 
two  ridges  which  run  upwards  and  then  diverge  to  be  lost  on 
the  inner  and  outer  surfaces  of  the  corresponding  tuberosities 
about  half  an  mch  below  the  articular  margin.  Of  the  two  the 
outer  is  the  most  prominent  and  gives  attachment  to  the  lateral 
patellar  Hgament,  and  limits  superiorly  the  origin  of  the  '  ex- 
tensor longus  digitorum '  and  the  '  tibiahs  anticus.'  The  inner 
one  affords  attachment  to  the  inner  patellar  hgament  and  fibres 
of  the  internal  Hgament  of  the  knee  joint.  Both  ridges  are  con- 
tuauous  with  the  hmer  and  outer  borders  of  the  tubercle,  and 
indicate  the  line  of  junction  of  the  upper  epiphysis  with  shaft  in 
that  region  (fig.  39). 

The  tuberosities  are  separated  behind  by  a  notch,  continuous 
with  the  posterior  triangular  rough  surface  on  the  upper  end,  and 
called  the  '  popliteal  notch,'  for  the  attachment  of  the  posterior 
crucial  ligament.  The  outer  surface  of  the  external  tuberosity  is 
rough  and  gives  origin  to  the  tibial  head  of  the  '  extensor  longus 
digitorum  '  and  the  upper  fibres  of  the  '  tibiahs  anticus,'  also  to 
the  '  fibrous  expansion  of  the  vastus  externus.'  The  mner  surface 
of  the  internal  tuberosity  is  rough,  shows  posteriorly  the  fore 
part  of  the  groove  for  the  '  semimembranosus,'  and  gives  attach- 
ment to  the  '  fibrous  expansion  '  of  the  '  vastus  internus  '  and 
'  crureus  '  and  to  the  internal  lateral  ligament  of  the  knee  joint. 
About  half  an  inch  below  the  upper  articular  surfaces  we  notice 
horizontal  ridges  on  the  inner  and  outer  and  posterior  surfaces 
■of  the  tuberosities  continuous  with  the  divergent  ridges  on  the 
anterior  surfaces  already  described,  and  indicating  the  line  of 
junction  of  the  epiphysis  with  the  shaft. 

Shaft. — The  shaft  of  the  tibia  is  triangular  on  section.  It  is  a 
little  twisted  outwards,  determming  the  obliquity  of  the  foot ;  conse- 
quently the  inner  malleolus  advances  a  little  more  than  the  outer. 
This  disposition  corresponds  with  the  obliquity  of  the  neck  of  the 
femur,  the  position  of  its  trochanters,  and  the  oblique  du-ectiou  of 
the  muscles  ;  the  result  of  all  bemg  to  give  a  natural  iucliiiatiou 


THE  TIBIA 


219 


outicards  to  the  lower  extremity.  The  narrowest  part  of  the  shaft 
is  about  the  junction  of  the  lower  fourth  with  the  upper  thi'ee- 
foiu-ths.    This  is  the  part  most  frequently  broken. 

It  presents  internal,  external,  and  posterior  surfaces,  separated 
by  anterior,  external,  and  internal  borders. 

The  internal  surface  is  subcutaneous.  Notice  on  it,  below  the 
internal  tuberosity,  the  msertions  of  the  '  sartorius,'  the  'gracilis,' 
and  the  '  semitendinosus.'  Behmd  these  is  a  slightly  rough  surface 
for  the  attachment  of  the  internal  lateral  hgament  of  the  knee. 

The  external  siu-face  is  shghtly  hoUowed  in  its  upper  half 
for  the  origin  and  lodgment  of  the  '  tibialis  anticus  : '  its  lower 
part  is  tm-ned  forwards,  presenting  a  smooth  surface  for  the  play 
of  the  tendons  which  run  over  the  front  of  the  ankle  joint. 

The  posterior  surface  presents  in  its  upper  third  a  rough 
line  (' soleal  ridge'),  slanting  from  the  outer  towards  the  inner 
side,  and  running  from  the  articular  surface  for  the  fibula  down- 
wards and  inwards  to  join  the  internal  border  at  the  junction  of 
its  upper  with  its  middle  thhds.    It  is  ordinarily  called  the 
*  obhque  line  of  the  tibia,'  and  it  marks  part  of  the  tibial  origin 
of  the  '  soleus ; '  the  remainder  of  this  origin  runs  down  the 
inner  edge  of  the  shaft  to  the  extent  of  about  three  inches.  This 
origin  is  important,  since  it  concerns  the  operation  of  tying  the 
posterior  tibial  artery.  Above  the  '  oblique  line  '  is  a  triangular 
surface,  indicating  the  insertion  of  the  '  poi)liteus.'    The  surface 
of  the  bone  below  the  ridge  is  occupied,  internally,  by  the  origin 
of  the  '  flexor  longus  digitorum ; '  externally,  by  part  of  the  origin 
of  the  '  tibiahs  posticus.'    Just  below  the  line  is  the  canal  for  the 
medullary  artery.    It  is  the  largest  of  all  the  like  canals  in  the 
long  bones,  runs  very  obliquely  from  above  downwards,  and  when 
divided  in  amputations  sometimes  occasions  troublesome  haemor- 
rhage. A  nerve  has  often  been  traced  through  this  canal  with  the 
artery  into  the  medullary  cavity. 

With  regard  to  the  borders  of  the  tibia,  the  anterior,  called 
the  '  crest,'  or  '  shin,'  is  very  sharp,  and  readily  felt  beneath  the 
skin,  but  only  along  the  upper  two-thirds  of  the  shaft :  in  the 
lower  third  the  front  of  the  bone  is  flattened,  for  the  passage  of 
the  extensor  tendons  and  the  anterior  tibial  vessels  and  nerve. 
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Fig.  37. 


It  begins  above  at  the  tubercle,  runs  a  sigmoid  course  downwards, 
and  terminates  in  front  of  the  internal  malleolus.  It  is  convex 
inwards  in  its  upper  and  convex  outwards  in  its  lower  half. 

The  external  border  looks  towards  the  fibula,  and  gives  attach- 
ment to  the  interosseous  membrane  (represented  by  the  dotted 
line  in  fig.  37)  which  connects  the  two  bones.  It  begins  above 
about  half  an  inch  in  front  of  the  articular  facet  for  the  fibula, 
runs  downwards,  and  bifurcates  below  into  two  branches  which 

enclose  a  rough  space  for  the  attachment 
of  strong  ligamentous  fibres  between  the 
tibia  and  the  fibula. 

The  internal  border  runs  from  the 
hinder  part  of  the  head  of  the  tibia  down 
to  the  inner  malleolus.  It  gives  attach- 
ment to  fibres  of  the  '  popliteus,' '  soleus,' 
and  '  flexor  longus  digitorum '  muscles 
(Plate  XXXV.) 

If  the  direction  of  the  force  in  run- 
ning, leaping,  or  walking  be  considered, 
it  will  be  seen  that  the  chief  strain  on  the  tibia  is  at  the  crest  or 
anterior  border— the  shin.  This,  therefore,  is  by  far  the  strongest 
and  densest  part  of  .the  bone. 

Iiower  End. — The  lower  end  of  the 
tibia  is  expanded  transversely  to  form 
a  hinge  joint  with  the  astragalus.  Its 
articular  surface  is  concave  from  before 
backwards  ;  but  the  transverse  plane  of 
the  joint  is  horizontal  (as  seen  m  fig. 
38),  like  that  of  the  knee,  for  the  better 
support  of  the  weight  of  the  hodj.  The 
joint  is  secured  on  the  mner  side  by  the 
projection  termed  the  '  malleolus  ui- 
ternus.' 

The  anterior  surface  of  the  lower  end 
is  smooth  and  slightly  convex  fi'om  side 


SECTION  THROUGH  THE  TIBIA 
T,  AND  FIBULA  F,  TO  SHOW  THE 
THICKNESS  OP  THEIR  WALLS. 


Fig.  38. 


Astragalus. 
Tunnel. 

Os  Calcis. 


SECTION    TO   SHOW  THAT  THE 
PLANE  OP  THE  ANKLE  JOINT  IS 
HORIZONTAL. 


tensor  tendons. 


to  side,  for  the  transmission  of  the  ex 
Immediately  above  the  anterior  margin  of  the 
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terminal  articular  surface  it  shows  a  transverse  rough  groove  for 
the  attachment  of  the  anterior  ligament  of  the  ankle  jomt. 

The  posterior  surface  is  marked  from  within  outwards  by  a  ^vfiur 
deep  obhque  half-gi!-oove,  made  a  whole  one  by  the  addition  of 
the  correspondhig  half  on  the  back  of  the  internal  maUeolus, 
and  serving  for  the  transmission  of  the  '  tibiahs  posticus  '  tendon. 
Next  the  surface  presents  a  shghtly  convex  space,  on  which  is 
sometmies  placed  a  shallow  obhque  groove,  paraUel  with  the 
large  one  for  the  '  tibiahs  posticus,'  situated  about  the  middle  of 
the  space,  and  transmitting  the  'flexor  longus  poUicis '  tendon. 
The  edge  of  the  surface  which  separates  it  from  the  articular 
sm-face  on  the  mferior  aspect  of  the  bone  is  rounded  and  rough 
for  the  attachment  of  the  transverse  ligament  of  the  inferior 
tibio-fibular  joint. 

The  external  surface  presents  a  rough  triangular  excavation 
for  the  reception  of  the  fibula,  the  anterior  side  of  the  triangle 
bemg  more  promment  than  the  posterior  one.  There  is  no  sen- 
sible°movement  between  the  bones,  but  enough  to  give  a  slight 
amount  of  elasticity,  thereby  breaking  the  shock  strikmg  the  leg 
from  the  foot  below.  The  security  of  the  ankle  requires  that  the 
bones  of  the  leg  be  firmly  riveted  together  by  a  strong  mter- 
osseous  hgament;  and  then-  contiguous  surfaces  are  found  to 
be  rough,  marking  the  attachment  of  such  a  hgament. 

The  inner  surface  is  smooth  and  subcutaneous,  and  is  pro- 
lonf^ed  downwards  into  a  transversely  flattened  and  four-sided 
process,  the  '  malleolus  internus.'    The  mner  surface  of  the  pro- 
cess is  smooth,  subcutaneous,  and  continuous  with  the  inner  sur- 
face of  the  lower  extremity  of  the  bone.    The  external  surface  is 
smooth  and  articular,  broader  in  front  than  behind,  and  con- 
tinuous with  the  articular  surface  on  the  inferior  aspect  of  the 
bone.    The  anterior  border  of  the  process  is  rounded  and  rough, 
for  the  attachment  of  fibres  of  the  anterior  ligament  of  the  ankle 
joint.    The  posterior  surface  forms  the  inner  half  of  the  oblique 
groove,  already  described,  for  the  '  tibialis  anticus.'    "We  notice 
too  that  the  internal  lip  of  the  groove  projects  more  than  the 
outer.    The  lower  Ijorder  of  the  malleolus  is  rough,  and  extends 
lower  down  in  front  than  behind.    It  is  bevelled  at  the  expense 
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Of  the  internal  surface  in  front  and  the  external  surface  behind 
It  IS  important  to  notice  that  the  lowest  point  of  the  internal 
malleolus  is  situated  in  a  plane  anterior  to  the  lowest  point  of  the 
external  malleolus. 

The  inferior  or  terminal  articular  surface  of  the  lower  extremity 
IS  four-sided,  broader  in  front  than  behind,  and  outside  than 
mside.  It  is  concave  from  before  backwards,  and  concavo-convex 
when  traced  fi-om  side  to  side,  a  smooth  antero-posterior  eleva- 
tion rismg  up  about  the  middle  of  the  surface.  It  is  continuous 
with  the  articular  surface  upon  the  internal  aspect  of  the  inner 
malleolus,  and  articulates  with  the  astragalus. 

The  ankle  joint  is  such  a  perfect  hinge  that  in  any  position 
of  the  joint  no  lateral  movement  whatever  is  permitted. 

Structure  and  Mechanism.— In  structure  the  tibia  follows 
the  ordinary  laws  with  reference  to  the  arrangement  of  the  fibres 
of  the  cancellous  tissue.    Its  compact  wall  is  especially  developed 
at  the  most  slender  part  of  the  shaft,  to  form  the  anterior 
border  or  crest.    The  weakest  part  of  the  bone  is  situated  about 
the  junction  of  the  upper  three-fourths  with  the  lower  fourth  of 
the  shaft,  so  that  if  a  person  fall  from  a  great  height  upon  the 
foot  the  bone  usually  breaks  there.    Eickets,  too,  usuaUy  shows 
itself  early,  by  an  increase  of  the  natural  curve  of  the  bone  in 
this  situation.    The  shaft  is  sigmoid  in  its  long  axis  and  twisted 
outwards  below.    Elasticity  and  strength  are  thereby  gained,  and 
the  foot  at  the  same  time  turned  outwards.  The  anterior  border 
strengthens  the  bone  very  much.     It  terminates  above  m  the 
tubercle,  and  is  more  in  the  line  of  the  external  tuberosity  than 
of  the  internal.    The  weight  of  the  body,  which  is  mostly  trans- 
mitted to  the  leg  through  the  external  condyle  of  the  femur, 
strikes,  therefore,  the  strongest  part  of  the  shaft,  viz.  the  outer 
and  anterior  part.    The  outer  tuberosity  overhangs  the  fibula, 
thereby  transmitting  a  certain  amount  of  weight  to  it.  It 
receives,  too,  directly  all  shocks  coming  to  it  from  below  through 
the  fibula.    The  medullary  canal  is  specially  large  to  transmit 
the  vessel  for  the  chief  supply  of  the  marrow  :  the  compact  tissue 
of  the  shaft  is  so  dense  that  few  other  nutrient  blood-vessels 
penetrate  it. 
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Ossification.— The  tibia  is  ossified  from  three  centres  :  one 
for  the  shaft,  and  one  for  each  end.  The  centre  for J)he  shaft 
appears  at  the  seventh  week  of  foetal  life.  The  one 
for  the  upper  end,  which  (see  fig.  39)  includes  the 
tubercle,  appears  just  before  or  just  after  birth, 
nearly  as  early  as  the  lower  epiphysis  of  the 
femur.  The  centre  of  the  lower  end  appears 
about  the  second  year.  The  tubercle  is  occasion- 
ally formed  from  a  separate  centre.  The  upper 
epiphysis  joms  the  shaft  in  the  twenty-first  or 
twenty-second  year,  while  the  lower  one  joms  in 
the  eighteenth  or  nineteenth  year. 

The  tibia  has  been  found  congenitally  absent, 
as  in  a  case  recorded  by  Billroth. 

Comparative  Osteology.— The  tubercle  of  the 
tibia  is  very  largely  developed  m  the  rhmoceros, 
but  in  the  elephant  there  is  no  trace  of  it.  The 
high  and  expanded  crest  in  the  pig,  camel,  and      the  tibia. 
tapu:  are  remarkable.    In  the  higher  quadrumana,  as  the  gorilla, 
chimpanzee,  and  ourang  outan,  the  tubercle  and  crest  are  flat- 
tened.   (For  all  these  spechnens  see  the  Separate  Series.) 


THE  FIBULA. 
(Plate  XXXV.) 

Belatlons  of  Tibia  to  Fibula. — The  *  fibula '  (a  clasp)  is 
the  outer  of  the  two  bones  of  the  leg.  Though  quite  as  long  as 
the  tibia,  it  is  a  slender  bone,  and  sustains  hardly  any  of  the 
weight  of  the  body.  The  upper  end  is  placed  on  a  lower  level 
than  the  knee  joint,  and  forms  no  part  of  it ;  but  the  lower  end 
projects  considerably  below  the  tibia,  and  constitutes  the  outer 
ankle.  The  bone  not  only  secures  the  anlde  externally,  but  gives 
additional  extent  of  origin  to  the  powerful  muscles  of  progression. 
Look  well  at  the  relative  position  of  the  two  bones  of  the  leg  in 
an  articulated  skeleton.  The  fibula  articulates  with  the  outer  and 
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back  part  of  the  head  of  the  tibia,  and  the  shaft  of  the  fibula  arches 
hachioards,  while  that  of  the  tibia  arches /owanZs  :  the  result  of 
this  is,  that  the  fibula  lies  very  much  in  the  background,  except 
at  its  lower  part,  where  it  advances  to  form  the  maUeolus  externus. 
A  knowledge  of  this  relative  bearing  of  the  two  bones  is  important 
in  the  adjustment  of  fractures,  but  more  especially  in  the  per- 
Pia.  40.  formance  of  flap  amputations ;  and  for  this 

reason  :  that  the  knife,  introduced  from  the 
tibial  side,  is  apt,  unless  properly  directed, 
to  pass  between  the  two  bones,  iastead  of 
behind  them:  and  this  is  the  more  likely 
since  the  plane  of  the  posterior  surface  of 
the  tibia  slants  considerably  in  front  of  the 
fibula.  The  relative  position  of  the  two 
bones,  as  well  as  their  relative  thickness,  is  shown  by  a  transverse 
section  (fig.  40).  The  dotted  line  represents  the  interosseous 
membrane. 

Head. — The  upper  end  of  the  fibula  is  called  its  '  head,'  and 
can  be  felt  plainly  beneath  the  skin.  On  its  upper  surface  is  a 
small  oval  facet  looking  forward,  upward,  and  inward  to  arti- 
culate with  the  tibia.  Its  anterior  surface  is  rough,  giving  attach- 
ment above  to  fibres  of  the  anterior  tibio-fibular  Ugament,  and 
below  to  fibres  of  the  '  extensor  longus  digitorum  '  muscle.  The 
external  surface  is  much  bulged  outwards  by  an  antero-posterior 
ridge.  Above  the  ridge  we  have  the  '  biceps  '  tendon  and  the  long 
external  lateral  ligament  of  the  knee  joint  attached,  and  below 
the  ridge  the  highest  up  fibres  of  the  *  peroneus  longus  '  muscle. 
The  posterior  surface  is  rough  and  flattened.  Its  superior  and 
external  angle  rises  into  a  short  projection  termed  the  '  styloid 
process,'  for  the  attachment  of  the  short  external  lateral  liga- 
ment of  the  knee  joint.  The  surface  gives  origin  to  fibres  of  the 
'  soleus '  and  internally  to  the  posterior  tibio-fibular  ligament. 
The  internal  surface  is  rough,  slightly  hollowed,  and  lodges  the 
superior  interosseous  ligament. 

Shaft. — As  we  have  mentioned  before,  the  shaft,  excepting 
at  its  lower  end,  lies  in  a  plane  posterior  to  that  of  the  tibia.  In 
its  long  axis  it  is  curved  backwards  and  outwards  in  its  upper  half 
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and  backwards  and  inwards  in  its  lower.  The  space  between 
the  two  bones  is  widest  about  the  junction  of  its  upper  and 
middle  thirds.  The  surfaces  and  borders  follow  a  spiral  course 
along  the  bone  m  such  a  way  that  a  surface  which  looks  out- 
wards above  looks  as  near  as  possible  backwards  below.  The 
shaft  too  is  irregularly  prismatic  in  its  upper  three-fourths  and 
gets  flattened  from  within  outwards  in  its  lower  fourth,  the  most 
slender  part  being  situated  at  the  meeting  of  these  two  parts. 

We  describe  anteiior,  internal,  and  external  borders,  separating 
internal,  external,  and  posterior  surfaces,  corresponding  to  those 
of  the  tibia. 

The  anterior  border  commences  superiorly  at  the  junction  of 
the  anterior  and  external  surfaces  of  the  head.  It  is  rounded  i^T* 
and  indistinct  above,  but  is  well  marked  in  the  rest  of  its  extent.  ^ 
Tracing  it  down  the  bone,  it  gradually  turns  outwards,  and,  about 
three  inches  from  the  lower  end,  it  bifurcates  into  branches  which 
run  to  the  front  and  back  of  the  lower  end  of  the  bone  and 
enclose  a  flattened  triangular  subcutaneous  space  facing  outwards. 
In  this  space  we  feel  for  fractures  of  the  lower  part  of  the  fibula. 

The  internal  border  begins  above  at  the  inside  of  the  posterior 
surface  of  the  head  and  terminates  about  an  inch  and  a  half 
above  the  lower  end  of  the  bone  by  dividing  into  an  anterior 
and  a  posterior  branch,  enclosing  a  rough  triangular  space. 
This  space  is  rough  in  its  upper  two-thirds  for  the  attachment 
of  strong  interosseous  fibres,  and  presents  below  a  somewhat 
flattened  and  smooth  crescentic  surface  for  articulation  with  the 
external  surface  of  the  lower  end  of  the  tibia.  In  most  fibulae 
the  border  is  very  well  marked  in  its  upper  three-fourths.  It 
takes  an  oblique  or  spiral  course  down  the  shaft,  looking  in- 
wards and  slightly  backwards  at  its  upper  end,  inwards  and 
slightly  forwards  at  its  lower.  Its  upper  three-fifths  is  ordinarily 
called  the  '  oblique  line  of  the  fil)ula.'  It  gives  origin  in  the 
upper  part  of  the  middle  third  and  lower  part  of  the  upper  third 
to  fibres  of  the  '  tibialis  posticus,'  and  in  the  rest  of  its  extent 
attaches  the  fibrous  septum  which  separates  the  '  soleus '  and 
'  flexor  longus  polHcis '  on  the  one  side  from  the  '  tibialis  posticus  ' 
on  the  other. 
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The  external  border  begins  above  at  this  root  of  the  styloid 
process,  runs  down  the  shaft,  gradually  inclining  towards  the 
back,  and  terminates  below  by  joining  the  posterior  branch 
of  the  internal  border  at  the  lower  end  of  the  shaft.  In  some 
fibulae  it  is  sharp  and  distinct  throughout.  In  others  it  is 
rounded  in  the  upper  and  lower  thirds,  and  well  marked  in  the 
middle.  It  separates  the  external  from  the  posterior  surface,  and 
gives  attachment  to  the  fibrous  septum  between  the  '  peronei ' 
muscles  on  the  one  side  from  the  '  soleus '  and  '  flexor  longus 
poUicis  '  on  the  other. 

The  surfaces  we  have  named  internal,  external,  and  posterior. 

The  internal  faces  the  external  surface  of  the  tibia.  It  looks 
forwards  and  inwards  above,  forwards  below.  It  is  unequally 
divided  into  a  smaller  anterior  part  and  a  larger  posterior  part 
by  a  vertical  ridge.  This  ridge  is  called  the  '  interosseous  ridge  ' 
of  the  fibula,  affording  attachment  to  the  interosseous  membrane, 
which  stretches  between  it  and  the  external  border  of  the  tibia,  and 
which  separates  the  muscles  on  the  front  from  the  deep  muscles  on 
the  back  of  the  leg.  In  well-marked  bones  the  ridge  commences 
above  at  the  inside  of  the  head  and  somewhat  nearer  the  anterior 
than  the  mternal  border,  runs  downwards,  inclining  backwards  as 
it  descends,  and  blends  with  the  internal  border  at  a  point  about 
an  inch  to  two  inches  above  its  lower  bifurcation.  In  slender 
fibulae  the  interosseous  ridge  may  blend  with  the  anterior  border 
of  the  shaft  for  a  good  way  below  its  upper  end.  The  antmor 
part  of  the  internal  surface  is  therefore  broader  below  than  above 
and  more  hollowed  from  side  to  side.  It  affords  origin  anteriorly 
in  its  upper  three-fourths  to  the  '  extensor  longus  digitorum  '  and 
in  its  lower  fourth  to  the  'peroneus  tertius,'  and  posteriorly  in 
its  middle  two-fourths  to  the  '  extensor  proprius  poUicis.'  The 
posterior  part  of  the  internal  surface  is  broader  above  than  below, 
concave  from  side  to  side,  and  gives  origin  to  the  fibular  fibres 
of  the  '  tibialis  posticus.' 

The  external  suyface  lies  between  the  anterior  and  external 
borders.  It  looks  forwards  and  outwards,  but  towards  the  lower  end 
of  the  shaft  it  inclines  backwards.  It  gives  origin  to  the  '  peroneus 
longus '  above  and  the  '  peroneus  brevis  '  below.    (Plate  XXXV.) 
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The  posterior  siirjace  lies  between  the  external  and  internal 
borders.  It  looks  backwards  above  and  inwards  below,  and  gives 
origin  in  its  upper  thii-d  to  the  '  soleus '  and  in  its  lower  two-thirds 
to  the  '  flexor  longus  pollicis.'  Near  the  internal  border,  situated 
somewhere  in  the  middle  third  of  the  surface,  is  the  medullary 
foramen,  leading  downwards.  In  a  few  rare  specimens  we  may 
see,  in  this  surface,  an  additional  foramen  directed  upwards. 

tower  End.— The  lower  end  of  the  fibula  descends  below 
that  of  the  tibia,  and  forms  the  'malleolus  externus.'  This 
process  we  may  describe  as  a  pyi'amid  flattened  laterally,  whose 
base  is  continuous  with  the  shaft  of  the  bone,  and  whose  apex  is 
free,  pomts  downwards,  and  is  situated  in  a  plane  posterior  and 
inferior  to  that  of  the  corresponding  part  of  the  malleolus  in- 
ternus.    The  external  surface  of  the  pyramid  is  smooth,  sub- 
cutaneous, and  continuous  with  the  triangular  subcutaneous 
surface  akeady  described  as  formed  by  the  bifurcatmg  anterior 
border  of  the  shaft.    The  anterior  surface  is  narrow,  slightly 
rough,  slopes  downwards  and  backwards,  and  affords  attachment 
to  fibres  of  the  anterior  ifijerior  Jibio-fibukr  tigam      and  an- 
terior Hgament  of  the  ankle  jomt,  and  anterior  fasciculus  of  the 
external  hgament  of  the  ankle  joint.    It  is  more  a  border  than 
a  surface.    The  posterior  surface  presents  a  smooth  longitudinal 
groove,  running  downwards  and  outwards,  for  the  passage  of  the 
'  peronei '  tendons.    The  inner  Hp  of  the  groove  is  rough,  and 
attaches  fibres  of  the  posterior  inferior  tibio-fibular  ligament  and 
posterior  fasciculus  of  the  external  ligament  of  the  ankle  jomt 
The  internal  surface  is  divisible  into  a  larger  anterior  superior 
part,  triangular  in  shape,  somewhat  convex  from  above  down- 
wards and  concave  from  before  backwards,  for  articulation 
with  the  astragalus,  and  a  smaller  posterior  and  inferior  part 
rough  and  deeply  depressed,  for  the  attachment  of  the  middle  fas- 
ciculus of  the  external  ligament  of  the  ankle  joint.    The  apex  is 
rounded  and  rough,  and  has  attached  to  it  anteriorly,  posteriorly 
and  mternally  the  anterior,  posterior,  and  middle  fasciculi  of 
the  external  ligament  of  the  ankle  joint. 

Structure  and  Mechanlsm.-In  its  structural  formation 
the  fibula  presents  the  ordinary  characters  of  a  long  bone.  Itg 
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function  is  very  slight  as  regards  helping  the  tibia  to  support 
the  weight  of  the  body.    The  outer  tuberosity  does  overhang  the 
head  of  the  fibula,  but  the  plane  of  the  articulation  between  the 
two  is  very  oblique,  and  the  fibula  can  therefore  act  as  a  very 
weak  prop  to  that  part  of  the  tibia.    Its  chief  office  is  to  give 
increased  breadth  to  the  leg  for  muscular  attachment,  and  to 
support  the  ankle  joint.    We  notice,  also,  the  general  bendings 
backwards  of  the  shaft,  throwing  it  into  a  plane  which  is  pos- 
terior to  that  of  the  tibia.    We  observe  too,  that  the  shaft  is 
farthest  away  from  the  tibia  above,  so  as  to  give  greater  breadth 
to  the  interosseous  membrane  as  the  muscles  of  the  leg  arise  from 
the  upper  part  and  not  the  lower  part  of  the  tibia.    There  is  a 
certain  amount  of  movement  between  the  tibia  and  fibula,  just 
enough  fco  help  to  break  shocks  transmitted  to  the  bones  of  the  leg 
from  below.    The  fact  that  the  fibula  is  embedded  in  muscles  in 
the  greater  part  of  its  extent  makes  the  diagnosis  of  fractures  of 
its  shaft  somewhat  difdcult :  hence  the  rule  to  test  its  natural 
resistance  by  pressing  it  against  the  tibia,  and  notice  whether 
there  is  a  sUght  natural  rebound  after  having  done  so.  The 
external  malleolus  supports  the  ankle  joint  on  the  outer  side. 
The  two  malleoli  with  the  terminal  articular  surface  of  the  astra- 
galus form  an  arch  for  articulation  with  the  astragalus.  The 
external  one  projects  farther  down  and  farther  back  than  the 
internal  one.    The  result  of  this  is  that  the  foot  may  receive,  m 
the  best  possible  way,  shocks  transmitted  to  it  from  above.  In 
the  ordinary  act  of  walking,  when  the  foot  is  thrown  forwards 
and  the  leg  gradually  raised  over  it,  the  weight  of  the  body 
strikes  the  astragalus,  from  above  and  behind,  downwards, 
forwards,  and  inwards ;  hence  the  external  malleolus  and  the 
facet  for  it  on  the  outside  of  the  astragalus  are  placed  as  far 
back  as  possible,  to  transmit  and  receive  their  share  of  the  shock. 
On  the  contrary,  when  the  leg  is  behind  the  body,  with  the  toes 
touchuag  the  ground  and  throwing  the  body  forward,  the  shock 
is  transmitted  to  the  astragalus  from  above  and  in  front  down- 
wards, backwards,  and  outwards  ;  hence  the  internal  malleolus 
and  corresponding  facet  upon  the  astragalus  are  placed  as  far 
fonoarcl  as  possible.    The  relative  position  of  the  two  malleoh  is 
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important  in  relation  to  Syme's  amputation  at  the  ankle  joint. 
The  weakest  part  of  the  shaft  is  situated  about  2^  inches  from 
the  lower  end ;  hence  we  find  that  fractures  of  the  bone  most 
commonly  occur  here. 

Ossification. — The  fibula  has  three  centres  of  ossification  : 
one  for  the  shaft,  and  one  for  each  end.  The  centre  for  the 
shaft  appears  about  the  seventh  week  of  foetal  life.  The  lower 
end  begins  to  ossify  about  the  second  year ;  the  upper  about  the 
third  or  fom-th.  It  is  interesting  to  note  that  the  lower  end,  the 
early  solidity  of  which  is  so  necessary,  is  the  first  to  unite  to 
the  shaft,  and  is  thus  contrary  to  the  rule  laid  down  on  p.  25. 
The  lower  epiphysis  joins  the  shaft  about  the  twenty-first  year, 
the  upper  about  the  twenty-fourth. 

The  fibula  is  sometimes — rarely,  however — congenitally  ab- 
sent. It  is  more  common  to  find  absence  of  a  part  of  it  than  of 
the  ivhole  bone.  In  some  cases  the  shaft  may  be  represented  by 
thickening  of  the  interosseous  membrane  connecting  the  upper 
and  lower  ends  of  the  bone.  In  other  cases  the  upper  part,  and 
in  others  the  lower  part  of  the  bone  may  be  wanting.  Complete 
or  partial  absence  of  the  fibula  is  usually  associated  with  an  im- 
perfect development  of  the  bones  of  the  tarsus  and  an  absence 
of  one  or  more  of  the  four  outer  toes. 

Comparative  Osteolog-y. — It  is  interesting  to  notice  the 
gradual  disappearance  of  the  fibula  in  reviewing  the  vertebrata. 
In  the  horse  it  is  reduced  to  a  mere  splint  at  the  upper  part  of 
the  tibia. 

In  the  Ornithorynchus  (No.  3964)  there  will  be  seen  a  broad 
flat  process,  projecting  high  upwards  at  the  back  of  the  fibula, 
which  gives  origin  to  enormous  extensor  and  flexor  muscles, 
which  work  the  paddle-like  foot  (see  Phys.  Ser.  Mus.  Eoy.  Coll. 
Surg..  No.  255  C).  A  similar  process  exists  on  the  fibula  of  the 
Echidna  (No.  3952  C).  The  fibula  of  the  Armadillo  (No.  3580) 
attains  a  great  size,  and  is  anchylosed  above  and  below  to  the  tibia 
and  enters  into  the  formation  of  the  knee  joint. 
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(Plates  XXXVI.,  XXXVII.) 

Number  and  Shape  of  Bones. — There  are  twenty- six  bones 
in  the  foot  (excluding  the  two  sesamoid  bones  of  the  great  toe, 
and  two  others  in  connection  with  tendons.  We  divide  them 
into  three  sets,  viz.  a  posterior  set  or  '  tarsus,'  a  middle  set  or 
'metatarsus,'  and  an  anterior  set  or  'phalanges,'  corresponding 
to  similar  sets  described  in  the  hand  as  '  carpus,'  '  metacarpus,' 
and  'phalanges.'  The  'tarsus'  consists  of  seven  more  or  less 
cubical  bones  arranged  in  an  iimer  and  an  outer  row.  The  inner 
roio  consists  of  five  bones  named  the  '  astragalus,' '  scaphoid,'  and 
'inner,'  'middle,'  and  'outer  cuneiform,'  supporting  the  three 
inner  toes  ;  the  outer  row  consists  of  two,  viz.  the  '  os  calcis  '  or 
'  calcaneum,'  and  the  '  cuboid,'  for  the  support  of  the  two  outer 
toes.  From  a  mechanical  pomt  of  view  this  is  the  best  division 
of  the  tarsus,  although  surgically  the  tarsus  is  conveniently 
divided  into  a  jiosterior  row,  consisting  of  the  '  astragalus  '  and 
'  OS  calcis,'  and  an  anterior  row  made  up  of  the  rest.  The  line 
of  junction  between  these  rows  is  called  the  '  medio-tarsal  joint,' 
and  through  it  Chopart's  amputation  is  performed. 

The  'metatarsus'  consists  of  five  long  bones  named  first, 
second,  third,  fourth,  and  fifth,  countmg  from  the  inside  of  the 
foot.  The  posterior  end  of  the  metatarsus  is  firmly  dovetailed 
into  the  front  of  the  tarsus,  while  the  anterior  end  supports  the 
'  phalanges.'  The  '  phalanges '  consist  of  fourteen  long  bones, 
three  for  each  toe  excepting  the  first  one,  which  has  only  two. 
They  are  more  diminutive  than  those  of  the  hand,  and  are  named 
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metatarsal,  proximal  or  first,  middle,  and  ungual,  distal,  or 
third  for  the  four  outer  toes ;  proximal,  metatarsal  or  first,  and 
distal,  or  thkd  for  the  first  or  great  toe. 

Advantag-e  of  many  Bones. — The  advantage  of  so  many 
bones  entering  into  the  formation  of  the  foot  is  the  same  for  the 
foot  as  for  the  hand.  With  a  larger  number  of  joints  motion  and 
elasticity  are  increased,  while  the  chances  of  fracture  or  disloca- 
tion are  lessened. 

Arches  of  the  Foot. — The  bones  of  the  foot  form  two  arches  : 
one,  ' longitudiaal,'  extends  ia  the  long  axis  of  the  foot;  the 
other,  transverse,  is  most  marked  at  the  instep.  The  longitudinal 
arch  is  supported,  behind,  by  the  os  calcis,  and  in  front  by  the 
heads  of  the  metatarsal  bones.  Its  height  and  span  are  greatest 
on  the  inner  side  of  the  foot,  and  gradually  decrease  towards  the 
outer  side.  The  marks  made  by  wet  feet  show  how  much  more 
the  outer  border  of  the  foot  comes  in  contact  with  the  ground 
than  the  mner.  The  weight  of  the  body  falls  perpendicularly  on 
the  astragalus,  which  is  the  key-stone  or  crown  of  the  arch.  Con- 
cerning the  astragalus,  two  pomts  must  be  borne  in  mind :  1. 
A  part  (the  head)  of  it  is  supported  below  by  a  remarkably  strong 
and  shghtly  elastic  hgament  (calcaneo-scaphoid),  which  admits  of 
its  rismg  and  faUmg  hke  a  sprmg ;  2.  It  is  articulated  with  the 
08  calcis  and  the  scaphoid  hi  such  a  way  as  to  allow  the  lateral 
motions  of  the  foot  (adduction  and  abduction).  Flexion  and 
extension  of  the  foot  are  performed  at  the  ankle  joint.  Further, 
all  the  bones  of  the  foot  are  more  or  less  movable  on  each  other, 
thus  breaking  shocks  and  increasmg  elasticity;  and  yet  their 
mutual  connection  is  so  well  secured  that  dislocation  of  any  one 
bone  is  extremely  rare. 

Tarso-IKIetatarBal  Articulations  The  second  row  of  tarsal 

bones  consists  of  four:  namely,  the  three  cuneiform  and  the 
cuboid.  These  articulate  with  the  metatarsal  bones  as  follows  : 
The  mtemal  cuneiform  with  two,  those  of  the  great  and  second 
toes  ;  the  middle  cuneiform  with  one,  that  of  the  second  toe  ;  the 
external  cuneiform  with  three,  those  of  the  middle,  the  second, 
and  fourth  toes ;  and  the  cuboid  with  two,  those  of  the  fourth 
and  fifth  toes.   See  how  this  exactly  corresponds  with  the  articu- 
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lations  of  the  second  row  of  carpal  bones  with  the  metacarpals. 
Starting  from  the  great  toe,  or  thumb  side,  these  bones  articu- 
late with  2,  1,  3,  and  2  metatarsal  and  metacarpal  bones 
respectively. 


THE  ASTEAGALUS. 
-  (Plate  XXXVI.) 

The  XLey-Stone  s  its  Six  Aspects. — The  astragalus  {aa-rpd- 
yakos,  talus,  the  knuckle  bone,  with  which  the  ancients  used  to 
play  atjdice)  is  the  key-stone  of  the  arch  of  the  foot,  and  supports 
the  whole  weight  of  the  body,  which,  in  the  erect  position,  faUs 
perpendicularly  upon  it  from  the  tibia.  It  is  so  much  concerned 
in  the  mechanism  of  the  spring  of  the  foot,  that  the  Germans 
call  it  the  '  spring  bone.'  To  examine  it  thoroughly  study  its  six 
su7faGes. 

Stjpbeior  Sueface. — The  superior  surface,  broad  and  risiag 
up  slightly  at  its  outer  border  m  the  transverse  dii-ection,  the  best 
adapted  for  the  erect  posture,  presents  a  pulley-like  convexity  in 
the  antero-posterior  direction,  which  articulates  with  the  tibia, 
and  admits  of  the  flexion  and  extension  of  the  ankle.  The 
pulley-hke  surface  is  at  least  one-fifth  of  an  inch  broader  in  front 
than  behind.  This  prevents  dislocation  of  the  astragalus  back- 
wards, which  would  otherwise  be  a  more  frequent  occurrence, 
considering  the  du-ection  of  the  force  in  walking,  running,  or 
leaping.  The  broad  side  of  the  pulley  is  the  outer  one.  The  inner 
edge  of  the  pulley  is  nearly  straight  from  behind  forwards  and 
inwards,  while  the  outer  one  is  more  prominent  and  makes  a 
sweep  inwards  on  its  way  forwards.  The  articular  surface  of  the 
pulley  is  continuous  over  the  edges  with  the  articular  surfaces 
on  the  sides  of  the  bone.  In  front  of  the  trochlear  surface  is  a 
rough  narrow  and  depressed  part  of  the  bone,  marked  by  nutrient 
foramina  and  affording  attachment  to  the  anterior  ligament  of 
the  ankle  joint.  It  is  sometimes  called  the  upper  surface  of  the 
'  neck  '  of  the  bone. 
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PosTEKioR  SuEFACE. — The  posterior  surface  is  narrow,  and 
presents  a  groove  running  obliquely  downwards  and  inwards  for 
the  tendon  of  the  flexor  longus  pollicis,  and  a  projection  on  the 
outer  side  of  it  for  the  attachment  of  the  posterior  division  of  the 
external  lateral  ligament  of  the  ankle. 

Internal  Surface. —  The  internal  surface  presents  above 
a  flat  or  slightly  concave  pyriform  articular  facet,  rounded  in 
front  and  pointed  behind,  for  articulation  with  the  internal 
malleolus ;  the  facet  occupies  very  little  of  the  bone,  so  that  a 
large,  rough,  and  sHghtly  excavated  surface  is  left  below  and 
in  front,  for  the  attachment  of  the  deep  plane  of  fibres  of  the 
internal  lateral  Hgament  of  the  ankle  joint. 

At  the  anterior  and  inferior  angle  of  the  internal  surface  is  a 
convex  articular  facet,  looking  inwards  and  downwards,  and 
continuous  with  the  articular  surface  upon  the  front  and  under 
aspect  of  the  bone,  for  articulation  with  the  '  inferior  calcaneo- 
scaphoid '  Hgament. 

External  Surface. —  The  external  surface  presents  from 
behind  forwards  a  narrow,  rough  groove  directed  from  above 
downwards,  forwards,  and  outwards,  for  the  attachment  of  liga- 
mentous fibres,  next  a  large  triangular  articular  facet,  continuous 
by  its  base  with  the  trochlear  surface  on  the  upper  aspect  of  the 
bone,  and  for  articulation  with  the  external  malleolus.  The  facet 
is  concave  from  above  downwards,  shghtly  concave  from  before 
backwards  above,  but  rather  convex  in  the  same  direction  below. 
In  front  of  this  facet  and  inferiorly  the  surface  is  deeply  hollowed 
out  to  form  the  anterior  end  of  the  interosseous  groove,  which 
we  shall  see  lies  on  the  under  surface,  while  superiorly  it  is  narrow, 
rough,  and  prominent,  and  forms  the  outer  surface  of  the  neck. 

Anterior  Surface. — The  anterior  surface  presents  a  four- 
sided  and  uniformly  convex  articular  facet,  having  its  long  axis 
directed  downwards  and  inwards,  and  its  outer  side  broader 
than  its  inner,  for  articulation  with  the  scaphoid. 

Inferior  Surface. — The  inferior  surface  rests  on  the  os  calcis 
by  two  articular  surfaces,  one  behind  the  other,  and  separated  by 
a  deep  groove  directed  from  the  inner  side  oljJiquely  outwards 
and  forwards.    Of  these  surfaces,  the  posterior  is  by  far  the 
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larger,  and  placed  a  little  more  external  than  the  anterior.  It 
is  quadrilateral  in  shape  with  its  long  axis  running  forwards, 
outwards,  and  slightly  downwards.  It  is  concave  in  every 
direction,  especially  so  in  its  long  axis.  The  facet  is  twisted 
in  such  a  way  that  it  looks  downwards,  forwards,  and  outwards 
behind,  and  downwards,  backwards,  and  sUghtly  inwards  in  front. 
The  anterior  facet  forms  an  elongated  oval  figure  with  its  long 
axis  running  forwards,  and  more  outwards  than  the  posterior 
one.  In  weU-marked  bones  it  is  constricted  ui  the  middle  and 
divided  into  an  anterior  and  ^josterior  part  by  a  smooth  transverse 
elevation.  The  anterior  -part  is  continuous  with  the  two  articular 
surfaces  akeady  described  as  existing  :  one  for  articulation  with 
the  scaphoid,  and  the  other  to  rest  on  the  outer  and  upper  side 
of  the  '  inferior  calcaneo-scaphoid '  ligament.  The  facet  looks 
downwards  and  rather  forwards,  is  nearly  fiat  from  before  back- 
wards, and  rather  convex  from  within  outwards  for  articulation 
with  the  upper  surface  of  the  greater  process  of  the  os  calcis. 
This  facet  and  those  for  the  scaphoid  and  calcaneo-scaphoid 
hgament  constitute  what  is  called  the  articular  surface  of  the 
head  '  of  the  astragalus.  The  posterior  part  is  oval,  broader  in 
front  than  behind,  and  du'ected  downwards  and  backwards.  It 
is  slightly  concave  in  all  directions,  somewhat  twisted  in  its  long 
axis,  and  articulates  with  a  corresponding  facet  on  the  upper 
surface  of  the  '  sustentaculum  tali '  of  the  os  calcis.  This  in- 
tricate arrangement  of  the  facets  for  articulation  with  the  os 
calcis  allows  of  the  oblique  movements  which  occur  at  the  calcaneo- 
astragaloid  joint,  viz.  a  combination  of  adduction  with  rotation 
in  of  the  foot,  or  of  abduction  with  rotation  out  of  the  same.  The 
'  calcaneo-scaphoid '  ligament  articulating  with  the  inner  and 
under  side  of  the  head  mainly  supports  the  arch  of  the  foot  on 
the  inside,  and  gives  it  its  spring.  If  the  ligament  yield  more 
than  it  should  do  from  any  reason,  the  arch  goes  down,  the  foot 
becomes  flat,  and  the  astragalus  may  sink  low  enough  to  touch 
the  ground. 

Tunnel  of  the  Tarsus. — The  rough  groove  just  alluded  to, 
between  the  articular  surfaces  of  the  astragalus,  corresponds  with 
another  between  those  of  the  os  calcis.^  When  the  bones  are  to- 
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Fig.  41. 


gether,  the  grooves  form  a  complete  tunnel  {canalis  tarsi)  beneath 
the  astragalus,  wide  on  the  outside,  but  narrow  on  the  inside  of 
the  foot  (fig.  41).  This  tunnel  is  occupied  in  the  recent  state 
by  fat  and  by  the  strong  interosseovis  ligament  which  connects 
the  two  bones :  its  direction  is  obhquely 
from  before  backwards  and  inwards,  and 
permits  the  movements  of  the  foot  which 
take  place  at  the  calcaneo-astragaloid 
joints. 

Connections. — The  astragalus  articu- 
lates with  four  bones — namely,  the  tibia, 
the  fibula,  the  os  calcis,  and  the  scaphoid. 

Ossification. — It  is  ossified  from  a 
single  centre,  which  appears  about  the 
seventh  month  of  foetal  life.  Occasionally 
the  astragalus  has  a  second  centre  of 
ossification,  situated  at  the  meeting  of  its 
posterior  with  its  external  surface  and 
close  to  the  lower  border.  This  additional 

centre  may  form  a  small  ossicle,  situated  at  the  back  of  the  bone 
and  called  the '  secondary  astragalus.'  It  gives  attachment  to  the 
posterior  fasciculus  of  the  external  lateral  ligament  of  the  ankle 


Tibia. 
1 —  Fibula. 


Astragalus. 
Tunnel. 


Os  Calcis. 


SECTION  TO  SHOW  THE  TUNNEL 
OF  THE  TABSUS. 


Fig.  42. 


Fig.  43. 


I 


BIGHT  ASTEAOAICS 

(Upper  Surface). 


LEFT  ASTRAGALUS 

(Under  Surface). 


jomt.  The  httle  piece  of  bone,  if  present,  will  lie  on  the  outer 
side  of  the  groove  for  the  '  flexor  longus  pollicis,'  which  it  may 
or^may  not  help  to  form.    It  may  articulate  with  the  rest  of  the 
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bone  by  a  distinct  synovial  prolongation  from  the  ankle  joint 
above  or  from  the  calcaneo-astragaloid  joint  below,  or  it  may  be 
connected  with  the  rest  of  the  bone  by  strong  fibroup  tissue. 
Its  presence,  however,  may  only  be  indicated  by  a  notch  or 
fissure  on  the  surface  of  the  bone.  By  some  anatomists  this 
ossicle  is  considered  to  represent  the  os  intermedium  tarsi  found 
in  certain  of  the  lower  mammals  (figs.  42,  43). 


OS    CALCIS,    OE  CALCANEUM. 
(Plates  XXXVI.,  XXXVII.) 

Vse. — The  os  calcis,  or  '  calcaneum,'  is  the  longest  and 
strongest  of  the  tarsal  bones.  It  transmits  the  weight  of  the 
body  to  the  ground,  and  forms  a  powerful  lever  for  the  muscles  of 
the  calf.  The  nearly  horizontal  direction  of  the  heel  is  peculiar 
to  the  skeleton  of  man,  in  adaptation  to  his  erect  position.  The 
obHque  projection  in  the  hind  limb  of  a  horse,  called  the  '  hock,' 
is  the  OS  calcis. 

There  is  a  prevalent  opinion  that  the  negro  has  a  longer  heel 
than  the  white  man ;  but  an  examination  of  a  series  of  calcanea 
in  both  races  proves  this  to  be  an  error.  Professor  Flower,  in  his 
lectures  on  the  '  Comparative  Anatomy  of  Man,'  states  that  the 
apparent  lengthening  in  the  negro  is  due  to  the  smalhiess  of  his 
calf  and  the  slenderness  of  the  tendo  Achilhs  immediately  above 
the  heel. 

The  OS  calcis  is  divided  into  a  '  body '  whose  anterior  end  is 
named  the  '  greater  jprocess,'  and  which  has  projectmg  from  its 
inner  and  upper  edge  a  nearly  horizontal  shelf  called  the  '  lesser 
process,'  or  'sustentaculum  tab.'  Viewed  as  a  whole  the  os  calcis 
presents  sis  surfaces. 

Superior  Surface. — The  superior  surface  presents  from  be- 
hind forward,  first,  a  rough  surface  narrower  from  side  to  side 
than  from  before  backwards,  convex  transversely,  and  concave 
antero-posteriorly.    It  is  marked  by  a  number  of  nutrient  fora- 
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mina  and  covered  in  the  recent  state  by  a  mass  of  fat  which  lies 
in  front  of  the  tendo  AchilHs.  Next  we  notice  a  quadrilateral 
articular  sui-face  looking  forwards  and  upwards  for  articulation 
with  the  posterior  facet  on  the  under  surface  of  the  astragalus. 
The  surface  has  its  long  axis  directed  forwards,  outwards,  and 
downwards.  Its  plane  is  somewhat  twisted,  so  that  it  looks  back- 
wards, upwards,  and  inwards  at  its  posterior  extremity,  and 
forwards,  upwards,  and  very  shghtly  inwards  at  its  anterior  end. 
It  is  concave  from  side  to  side  and  convex  in  the  opposite  direc- 
tion. In  front  of  this  articular  surface,  and  running  forwards 
and  outwards,,  is  a  rough  groove  for  the  attachment  of  the  in- 
terosseous hgament,  the  groove  also  giving  attachment,  at  its 
anterior  extremity,  to  fibres  of  the  '  extensor  brevis  digitorum  ' 
and  '  anterior  annular '  ligament.  The  interosseous  groove  is 
concave  upwards,  broadest,  shallowest,  and  roughest  in  front, 
and  narrowest  and  deepest  about  the  junction  of  its  posterior 
fourth  with  the  anterior  three-fourths  :  it  makes  with  the 
astragalus  a  complete  tunnel,  shown  in  fig.  41.  In  front  of  and 
inside  this  groove,  and  parallel  with  its  anterior  and  inner  lip,  is 
an  oval  articular  facet,  lying  partly  on  the  upper  surface  of  the 
sustentaculum  tah,  and  partly  on  the  upper  surface  of  the  greater 
process.  The  surface  generally  is  divided  into  two  parts  cor- 
responding to  the  parts  of  the  bone  upon  which  they  rest  by 
notches  on  the  edges  of  the  sm-face ;  a  deep  transverse  groove, 
however,  continuous  with  the  '  interosseous '  one,  may  completely 
separate  the  one  from  the  other.  The  whole  surface  is  concave 
in  its  long  axis  and  slightly  concave  from  side  to  side.  Both  the 
surfaces  for  articulation  with  the  astragalus  are  adapted  to  the 
oblique  movements  which  take  place  at  the  calcaneo-astragaloid 
joint. 

Anterior  Surface. — This  surface  presents  a  rounded  tri- 
angular smooth  surface,  covered  by  cartilage  in  the  recent  state, 
for  articulation  with  the  posterior  surface  of  the  cuboid.  The 
upper  edge  of  the  surface  overhangs  the  lower,  overlapping  the 
corresponding  part  of  the  articular  surface  of  the  cuboid.  When 
traced  vertically  the  surface  is  concave  from  above  downwards, 
but  when  followed  from  above  downwards  and  inwards  it  is 
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sinuously  curved,  presenting  first  a  concavity,  next  a  convexity, 
and  lastly  a  slight  concavity  at  its  lower  and  inner  part.  The 
projection  of  the  upper  edge  deserves  notice  from  a  surgical  point 
of  view,  because  it  is  in  the  way  in  the  performance  of '  Chopart's ' 
operation,  which  consists  in  the  removal  of  all  the  bones  of  the 
foot,  except  the  os  calcis  arid  astragalus.  Mechanically  the 
hanging  of  the  upper  edge  over  the  corresponding  edge  of  the 
cuboid  throws  the  weight  of  the  body,  coming  down  from  above, 
on  to  the  cuboid  and  prevents  the  natural  tendency  of  the  fore 
part  of  the  os  calcis  to  be  displaced  downwards. 

Posterior  Surface. — The  posterior  surface  is  four-sided, 
broader  below  than  above.  Inferior ly  it  is  marked  by  a  number 
of  rough  vertical  ridges  and  grooves  for  the  attachment  of  the 
tendo  Achillis.  Superiorly  it  presents  a  smooth  part  which 
indicates  the  position  of  a  bursa  between  the  same  tendon  and 
the  bone. 

External  Surface. — The  external  surface  is  broad,  flat, 
and  nearly  subcutaneous.    At  about  the  junction  of  its  anterior 
third  with  its  posterior  two-thirds  we  notice  a  short  rough 
ridge  directed  downwards  and  forwards,  with  a  smooth  groove 
above  and  a  smooth  groove  below  it.    The  ridge  is  called  the 
'peroneal  tubercle,'  and  serves  to  keep  the  peroneal  tendons  in 
their  place,  that  of  the  '  peroneus  brevis '  being  in  the  groove 
above  the  tubercle,  that  of  the  '  peroneus  longus '  below  the 
tubercle.    Above  and  behind  the  peroneal  tubercle,  and  situated 
about  half  an  inch  below  the  posterior  and  outer  angle  of 
the  articular  surface  for  the  astragalus,  is  another  smaller  rough 
tubercle  for  the  attachment  of  the  middle  fasciculus  of  the  ex- 
ternal lateral  ligament  of  the  ankle  joint ;  and  in  some  bones 
above  and  in  front  of  the  smaller  tubercle  another  little  tubercle 
exists  for  the  attachment  of  the  external  calcaneo-astragaloid 
ligament.    Scattered  over  the  outer  surface  are  a  number  of 
nutrient  foramina.    These  are  especially  numerous  inferiorly. 

Internal  Surface. — The  internal  surface  presents  at  its 
anterior  superior  angle  the  '  sustentaculum  tali.'  This  process 
is  flattened  from  above  downwards  and  backwards,  articulates 
with  the  astragalus  above,  and   presents  a  smooth  groove 
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inferiorly,  continuous  with  the  one  on  the  posterior  surface  of 
that  bone >  for  the  j)assage  of  the  'flexor  longus  polHcis ' 
tendon.  Internally  the  process  is  rough  and  affords  attachment 
to  fibres  of  the  internal  lateral  Hgament  of  the  ankle  joint,  to 
the  posterior  end  of  the  inferior  calcaneo-seaphoid  ligament,  and 
to  fibres  of  the  '  tibiahs  posticus  '  tendon.  At  the  posterior  and 
inferior  angle  we  notice  the  inward  projection  of  the  greater 
tuberosity  to  be  described  as  lying  at  the  back  of  the  inferior 
sm-tace.  Tracing  the  surface  downwards  and  backwards  it  is 
very  concave,  and  from  behind  downwards  and  forwards  it  is 
very  shghtly  convex.  The  concavity  of  the  surface  safely  trans- 
mits the  plantar  vessels  and  nerves.  At  its  lower  and  back  part 
it  gives  origin  to  the  inner  head  of  the  '  flexor  accessorius ' 
muscle. 

Infeeior  Surface.— The  inferior  surface  presents  posteriorly 
two  rough  'tuberosities,'  the  'inner'  and  the  'outer,'  separated 
anteriorly  by  a  rough  notch.  The  inner  is  the  larger,  and  by  it 
the  OS  calcis  touches  the  ground.  It  gives  origin  to  the '  abductor 
poUicis,'  '  flexor  brevis  digitorum,'  and  '  abductor  minimi  digiti,' 
and  attaches  part  of  the  plantar  fascia.  The  external  is  much  the 
smaUer,  and  affords  attachment  to  the  abductor  minimi  digiti 
and  the  outer  part  of  the  plantar  fascia.  In  front  of  these 
tuberosities  is  a  long  triangular  rough  surface  streaked  longi- 
tudinally and  ending  m  front  in  a  smaU  eminence  called  the 
'  anterior  tuberosity.'  The  triangular  surface  and  the  anterior 
tuberosity  give  attachment  to  the  long  calcaneo-cuboid  liga- 
ment. In  front  of  the  anterior  tuberosity  is  a  rough  trans- 
verse groove,  forming  the  under  surface  of  the  gi^eater  process 
and  attaching  the  posterior  end  of  the  short  calcaneo-cuboid  liga- 
ment. At  the  line  of  junction  between  the  inferior  and  external 
surfaces,  and  just  in  front  of  the  external  tuberosity,  is  the  point 
of  attachment  of  th'e  external  head  of  the  '  accessorius.' 

Connectlona.— The  OS  calcis  articulates  with  two  bones,  the 
astragalus  and  cuboid. 

Ossification.— The  oh  calcis  has  two  centres  of  ossification  : 
one  for  the  great  mass  of  the  bone,  which  appears  about  the 
sixth  month  of  fcetal  life ;  and  another  for  the  great  tuberosity 
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which  is  an  epiphysis  and  appears  about  the  tenth  year.  The 
epiphysis  unites  to  the  bone  about  the  sixteenth  year.  It  pro- 
bably represents  the  pisiform  bone  of  the  carpus. 

The  Scaphoid  Bone. 

The  scaphoid  bone  is  so  named  from  its  boat-hke  form,  and  is 
situated  on  the  inner  side  of  the  tarsus.  Its  long  axis  is  dhected 
downward  and  inward  and  more  downward  than  inward. 

Surfaces. — The  superior  surface  is  convex  and  rough,  dhected 
upwards  and  outwards,  and  gives  attachment  to  ligaments  con- 
necting it  with  the  adjacent  bones. 

The  inferior  surface  looks  downwards  and  inwards,  is  rough, 
and  forms  a  blunt  projection  easily  felt  under  the  skin  of  the 
inner  side  of  the  foot,  and  called  the  '  tuberosity  of  the  scaphoid  ' 
for  the  attachment  of  the  '  tibialis  posticus  '  tendon  and  inferior 
•calcaneo-scaphoid  ligament.  This  tubercle  is  the  best  guide  to 
the  joint  behind  it  in  the  performance  of  Chopart's  operation. 

The  internal  surface  is  nearly  fiat,  or  it  may  be  slightly  con- 
vex ;  it  looks  inwards  and  upwards,  and  is  rough  for  the  attach- 
ment of  ligaments. 

The  external  surface  looks  downwards  and  outwards,  is  slightly 
concave  in  its  long  axis  and  very  rough  for  the  attachment  of  a 
prolongation  of  the  tendon  of  the  '  tibiaHs  posticus  '  and  ligaments 
connecting  it  with  adjoining  bones.  Its  upper  and  outer  part 
rests  upon  the  cuboid,  an  mterosseous  ligament  uatervening  be- 
tween then-  contiguous  surfaces.  It  is  not  uncommon  to  find 
the  two  bones  actually  touching  one  another,  m  which  case  they 
present  two  small  articulating  surfaces  covered  in  the  recent 
state  with  cartilage  and  lined  by  a  prolongation  of  the  scapho- 
cuneiform  joint. 

The  posterior  surface  presents  an  oval  articular  facet,  conca.ve 
in  every  direction,  and  broader  above  and  outside  than  below 
and  inside,  to  articulate  with  the  front  of  the  head  of  the 
astragalus. 

The  anterior  surface  is  convex  in  its  long  axis,  and  is  marked 
by  three  facets  continuous  with  one  another  for  articulation  with 
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the  three  cuneiform  bones.  The  lowest  and  most  internal  one 
is  triangular,  with  its  base  downwards,  and  is  convex  to  fit  the 
posterior  surface  of  the  internal  cuneiform ;  the  middle  one, 
the  highest  of  the  three,  triangular  with  the  base  upwards,  and 
sinuously  cm-ved  to  articulate  with  the  middle  cuneiform.  The 
external  facet  is  the  smallest  of  the  three.  It  is  on  a  somewhat 
lower  level  than  the  middle  one,  and  is  triangular  in  shape,  with 
the  base  upwards  and  slightly  concave,  for  articulation  with  the 
external  cmieiform. 

Connections.  —  The  scaphoid  articulates  with  the  three 
cuneiform  bones  in  front,  the  astragalus  behind,  and  sometimes 
with  the  cuboid. 

Ossification — It  has  a  single  centre,  which  appears  about 
the  fom'th  year. 

The  Cuboid  Bone. 

Situation. — The  cuboid  bone  is  situated  on  the  outer  side  of 
the  tarsus,  and  is  wedged  in  between  the  os  calcis  and  the  fourth 
and  fifth  metatarsal  bones.  The  base  of  the  wedge  is  turned 
towards  the  cuneiform  bones,  so  that  the  pressure  in  the  arch  of 
the  foot  is  properly  distributed.  Suppose,  for  a  moment,  the  base 
were  turned  the  other  way,  would  not  the  lateral  thrust  from  the 
external  cuneiform  bone  force  the  cuboid  out  of  the  arch,  and 
falling  of  the  arch  be  the  consequence  ? 

Surfaces. — The  posterior  surface  is  slightly  concave  from 
above  downwards,  and  concavo-convex  from  without  inwards,  to 
articulate  with  a  corresponding  surface  on  the  os  calcis.  Observe 
that  the  plane  of  this  joint  is  the  same  as  that  between  the 
scaphoid  and  astragalus.  Hence  partial  amputation  of  the  foot 
(Chopart's  operation)  here  is  easy.  But  it  cannot  be  done  at  one 
stroke  of  the  knife,  because  the  inner  corner  of  the  cuboid  pro- 
jects a  little  beneath  the  os  calcis,  which  tends  to  prevent  it  being 
dislocated  upwards. 

The  anterior  surface  has  two  smooth  facets,  the  inner  nearly 
square,  the  outer  triangular,  which  support  the  fourth  and  fifth 
metatarsal  bones. 

The  internal  surface  is  much  larger  than  the  external.  It 
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forms  the  base  of  the  wedge  and  looks  upwards,  inwards,  and  a 
Httle  forwards.  It  articulates  by  a  flat  oval  facet,  situated  in 
the  middle  of  its  upper  half,  with  the  external  cuneiform, 
and  occasionally  by  a  small  articular  surface,  placed  posteriorly,, 
with  the  scaphoid.  The  rest  of  the  surface  is  rough  for  the 
attachment  of  interosseous  ligaments. 

The  superior  surface  is  rough  for  dorsal  ligaments,  and  nearly 
flat. 

The  external  surface  represents  the  edge  of  the  wedge,  is 
rough  in  front  and  behind,  and,  in  the  middle,  shows  the  outer 
extremity  of  the  groove  for  the  '  peroneus  longus.' 

The  inferior  swrface  is  traversed  by  a  deep  groove  which  runs 
obhquely  inwards  and  forwards  and  lodges  the  tendon  of  the 
'  peroneus  longus.'  The  prominent  ridge  behind  the  groove  gives 
attachment  to  the  calcaneo-cuboid  Ugament.  Observe  near  the 
posterior  part  of  the  ridge  a  small  smooth  facet  (crusted  in  the 
recent  state  with  cartilage),  which  articulates  with  the  sesamoid 
bone  in  the  tendon  that  plays  in  the  groove.  Posterior  to  the 
inner  end  of  the  ridge,  and  at  the  line  of  junction  between  the 
inferior  and  internal  surfaces  of  the  bone,  are  situated  part  of 
the  origin  of  the  '  flexor  brevis  poUicis  '  and  the  msertion  of  a 
prolongation  of  the  tendon  of  the  '  tibiaUs  posticus.' 

Connections.— The  cuboid  articulates  with  four  bones— the 
OS  calcis,  the  outer  cuneiform,  and  the  fourth  and  fifth  meta- 
tarsals—and  sometimes  with  a  fifth,  namely  the  scaphoid. 

The  cuboid  gives  origin  to  parts  of  three  muscles  in  the  sole — 
the  '  adductor  poUicis,'  and  the  '  flexor  brevis  poUicis  '  and  '  flexor 
brevis  minimi  digiti.'  Eemember  that  the  '  adductor  poUicis ' 
and  '  flexor  brevis  minimi  digiti '  arise,  not  immediately  from  the 
bone,  but  from  the  fibrous  sheath  which  bridges  over  the  groove 
for  the  peroneus  longus. 

Ossification.— The  single  nucleus  of  the  cuboid  bone  appears 

at  birth. 

The  Cuneiform  Bones. 

Position.— The  cuneiform  or  wedge  bones  are  placed  at  the 
front  part  of  the  tarsus,  and  are  named  the  '  internal,'  '  middle,' 
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and  '  external,'  according  to  their  position.  Behind,  they  articu- 
late with  the  scaphoid;  in  front,  with  the  three  inner  toes, 
respectively.  The  bases  of  the  raiddle  and  external  are  towards 
the  dorsum  of  the  foot ;  but  the  base  of  the  internal  is  turned 
towards  the  sole,  m  order  to  form  one  of  the  buttresses  of  the 
transverse  arch  of  the  foot. 

Internal  Cuneiform. — Suepaces. — The  anterior  surface  is 
convex,  articular,  and  kidney- shaped,  with  the  long  diameter 
vertical  and  the  hoUowof  the  kidney  pointmg  out,  for  articulation 
with  the  base  of  the  first  metatarsal  bone. 

The  posterior  surface,  much  smaller  than  the  anterior,  is 
concave,  with  the  broad  end  below,  for  articulation  with  the 
innermost  facet  on  the  front  of  the  scaijhoid. 

The  sujmior  surface  forms  the  edge  of  the  wedge.  In  its 
anterior  thii'd  it  runs  straight  from  above  and  behind  down- 
wards and  forwards,  forming  the  upper  limit  of  a  facet  for 
articulation  with  the  second  metatarsal  bone ;  in  its  posterior 
two-thh-ds  it  is  narrower,  runs  downwards  and  backwards  and 
forms  the  upper  limit  of  a  facet  for  articulation  with  the  middle 
cuneiform. 

The  internal  surface  looks  inwards  and  slightly  upwards,  and 
is  subcutaneous  in  its  upper  part.  At  its  anterior  and  inferior 
corner  is  a  smooth,  convex,  articular  facet  over  which  the  tendon 
of  the  '  tibiaHs  anticus '  plays.  The  surface  is  elsewhere  rough, 
and  somewhat  elevated  along  its  anterior,  superior,  and  posterior 
margms,  for  the  attachment  of  ligaments. 

The  external  surface  presents  an  L-shaped  articular  facet, 
shghtly  concave,  and  skirting  the  upper  and  posterior  margins.' 
Anteriorly  this  facet  looks  outwards  and  slightly  forwards''  for 
articulation  with  the  inner  side  of  the  base  of  the  second 
metatarsal  bone  ;  the  remainder  of  the  facet  looks  inwards  and 
slightly  backwards  for  articulation  with  a  corresponding  facet 
upon  the  inner  surface  of  the  middle  cuneiform.  Sometimes  the 
horizontal  and  vertical  parts  of  the  articular  surface  are  sepa- 
rated from  one  another  by  a  rough  groove  running  across  it 
from  the  superior  and  posterior  angle  of  the  bone.  The  rest  of 
the  external  surface  is  rough  for  ligamentous  attachment. 
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The  inferior  surface  forms  the  base  of  the  wedge,  is  rounded 
and  rough  for  the  attachment,  posteriorly,  of  part  of  the  tendon 
of  the  '  tibiahs  posticus  '  and,  anteriorly,  of  fibres  of  the  '  tibialis 
anticus.' 

Thus  it  articulates  with  four  bones — namely,  the  scaphoid, 
the  middle  cuneiform,  and  the  two  inner  metatarsals. 

Middle  Cuneiform. — The  second  or  middle  cuneiform  bone  is 
not  only  the  smallest  of  the  three,  but  does  not  project  so  much 
as  the  others ;  consequently  the  second  metatarsal  bone,  which 
it  supports,  is  more  deeply  set  in  the  tarsus  than  the  other 
metatarsals.  This  is  a  point  to  be  remembered  in  remoying  the 
metatarsal  bones  (Hey's  operation). 

Surfaces.— The  superior  surface  is  very  slightly  rough,  and 
elevated  at  the  edges,  for  the  attachment  of  Kgaments, 

The  inferior  surface  forms  the  edge  of  the  wedge  and  is  rough 
for  plantar  ligaments  and  for  the  insertion  of  fibres  derived  from 
the  '  tibialis  posticus  '  tendon. 

The  posterior  surface  is  smooth,  triangular,  concave  from 
above  downwards,  but  somewhat  sinuously  curved,  for  articula-_ 
tion  with  the  middle  facet  on  the  anterior  surface  of  the  scaphoid. 

The  anterior  surface  is  smooth,  triangular,  larger  than  the 
posterior,  and  convex  for  articulation  with  the  second  metatarsal. 

The  internal  siorface  presents  an  L-shaped,  somewhat  convex 
articular  facet,  skirting  the  upper  and  posterior  part  of  the 
surface,  for  articulation  with  the  corresponding  facet  on  the 
external  surface  of  the  '  internal  cuneiform.'  The  angle  of  the 
L  may  be  interrupted  by  a  rough  groove  separating  the  hori- 
zontal from  the  vertical  parts  of  the  articular  surface.  In  fi-ont, 
the  L-shaped  facet  is  continuous  with  the  articular  surface  on 
the  anterior  surface  of  the  bone,  and  behind  with  the  articular 
surface  on  the  posterior  surface.  The  rest  of  the  mternal  surface  • 
is  rough  for  Ugamentous  attachment. 

The  external  surface  presents  a  vertical,  smooth,  articular, 
slightly  concave  facet,  continuous  with  the  one  on  the  back  of  the 
bone,  for  articulation  with  the  inner  surface  of  the  external  cunei- 
form. In  front  of  this  facet  the  surface  is  rough  and  depressed 
for  the  attachment  of  interosseous  Ugaments. 
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Connections. — The  middle  cuneiform  articulates  with  four 
tones — the  scaphoid,  the  outer  and  mner  cuneiform,  and  the 
second  metatarsal. 

The  External  Cuneiform.— The  external  cuneiform  is  the 
second  in  size  of  the  two  cuneiforms.  It  juts  forwards  between 
the  second  and  fourth  metatarsal  bones  to  support  the  third,  its 
proper  metatarsal,  and  at  the  same  time  partly  the  second  and 
fom-th.  The  forward  projection  of  the  external  cuneiform  has 
to  be  remembered  in  Hay's  amputation. 

SuEFACES. — The  superior  surface  is  smooth,  looks  up  and  out, 
and  is  covered  by  the  extensor  muscles  on  the  back  of  the  foot. 
It  is  rather  rough  at  the  margins  for  the  attachment  of  hgaments. 

The  inferior  surface  forms  a  rough  rounded  border  projecting 
into  the  sole,  and  affords  attachment  to  plantar  ligaments,  a  pro- 
longation of  the  tendon  of  the  tibiahs  posticus,  and,  by  means  of 
this  prolongation,  to  fibres  of  origin  of  the  '  flexor  brevis  polHcis  ' 
muscle. 

The  posterior  surface  shows  a  rounded  and  sHghtly  concave 
articular  facet  to  articulate  with  the  corresponding  one  on  the 
scaphoid. 

The  anterior  surface  presents  a  vertically  elongated  triangular 
surface — apex  below — and  slightly  concave  for  articulation  with 
the  terminal  facet  on  the  thii-d  metatarsal. 

The  internal  surface  has  near  the  posterior  edge  a  vertical, 
four-sided,  somewhat  convex  articular  surface,  continuous  with 
the  one  on  the  posterior  surface  of  the  bone  for  articulation  with 
the  middle  cuneiform.  Kunning  along  the  anterior  part  of  the 
surface  is  another  narrow  articular  facet,  widest  above  and 
narrowest  in  the  middle,  and  continuous  with  the  one  on  the 
front  of  the  bone,  for  articulation  with  the  second  metatarsal. 
The  rest  of  the  surface  is  rough  and  uneven  for  the  attachment 
of  ligaments. 

The  external  surface  is  more  extensive  than  the  internal 
Posteriorly  and  superiorly  it  presents  a  round,  slightly  concave, 
and  completely  isolated  articular  facet,  looking  downwards  and 
outwards  and  a  little  backwards  to  articulate  with  the  cuboid. 
Occasionally  this  facet  is  continuous  over  the  edge  of  the  bone 
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with  the  facet  on  the  posterior  surface.  At  the  anterior  and 
superior  angle  of  the  surface  is  a  small,  flattened,  articular 
facet  for  articulation  with  the  outside  of  the  base  of  the  fourth 
metatarsal.  This  little  facet  is  continuous  with  the  articular 
surface  on  the  front  of  the  bone.  The  remainder  of  the  surface, 
which  looks  outwards  and  slightly  forwards,  is  rough  and 
irregular  for  the  attachment  of  ligaments. 

Connections. — The  external  cuneiform  articulates  with  six 
bones,  viz,  the  scaphoid,  the  middle  cuneiform,  the  cuboid,  and 
the  second,  thh-d,  and  fourth  metatarsals. 

Ossification  of  Tarsal  Bones. — Each  bone  of  the  tarsus 
has  one  centre  of  ossification,  except  the  os  calcis,  which  has 
always  two,  and  the  astragalus,  which  has  occasionally  an  addi- 
tional one  situated  at  its  posterior  extremity,  and  which  we  have 
seen  may  go  on  to  develop  a  little  bone  called  the  '  secondary '  or 
'  supernumerary  astragalus.'  The  os  calcis  begins  to  ossify  about 
the  sixth  month  of  foetal  life  ;  the  astragalus  about  the  seventh 
month ;  the  cuboid  about  birth ;  the  external  cuneiform  about 
the  first  year  after  birth  ;  the  middle  and  internal  cuneiform  and 
scaphoid  about  the  third  or  fourth  year. 

The  second  centre  (or  epiphysis)  of  the  os  calcis  is  at  the 
back  part  of  it.  It  appears  about  the  tenth  year,  and  joias  the 
rest  of  the  bone  about  puberty. 

The  Metatabsus. 

General  Description. — The  five  metatarsal  bones  are  named 
the  first,  second,  third,  fourth,  and  fifth,  counting  from  the  inner 
side.  The  first  is  the  shortest  and  by  far  the  strongest,  and  sup- 
ports the  great  toe.  The  second  is  the  longest ;  and  from  this  the 
third,  fourth,  and  fifth  gradually  decrease  in  length.  All  are  slightly 
arched  from  before  backwards;  in  addition  to  this,  the  three 
outer  incline  a  httle  sideways  towards  the  great  toe.  The  spaces 
between  them  are  termed  the  '  interosseous  spaces,'  and  gradually 
decrease  in  size  towards  the  outer  side.  As  the  metatarsal  bones 
are  'long'  bones,  we  speak  of  their  shafts  and  their  articular 
ends  ;  the  upper  end  of  each  being  termed  the  '  base,'  '  proximal,' 
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or  '  tarsal  extremity,'  and  the  lower  or  rounded  end  the  '  head,' 
'  distal,'  or  '  phalangeal  extremity  '  of  the  bone. 

Like  the  corres^Donding  bones  in  the  hand,  the  shafts  of  the 
metatarsal  bones  are  more  or  less  triangular  on  transverse  section, 
being  flat  on  the  dorsal  sm'face ;  and  they  gradually  taper  from 
their  proximal  ends. 

Bases  or  Upper  Ends. — Their  bases  articulate  with  the  second 
row  of  the  tarsus,  and,  laterally,  with  each  other ;  that  of  the 
first  excepted.  The  line  of  the  tarso-metatarsal  articulations 
would  be  a  tolerably  even  curve,  but  for  the  second  metatarsal, 
which  is  jammed  into  a  recess  between  the  cuneiform  bones. 
Thus  the  second  metatarsal  is  firmly  locked  in  like  the  second 
metacarpal.  The  bases  of  the  outer  four  slope  outwards  and 
backwards. 

BDeads  or  Lower  Ends. — Then-  heads,  which  are  much  smaller 
than  those  of  the  metacarpal  bones,  are  convex,  and  fit  into  the 
cups  of  the  first  phalanges ;  they  are  grooved  above  for  the  attach- 
ment of  Hgaments. 

The  convexity  of  the  head  of  each  metatarsal  extends  down- 
wards towards  the  sole  of  the  foot — that  is,  in  the  direction  of 
flexion — and  terminates  below  in  two  points  called  the '  condyles.' 
On  each  side  there  is  a  tubercle  for  the  attachment  of  the  lateral 
ligament.  The  external  condyle  is  always  the  larger  and  more 
prominent,  and  a  well-marked  ridge  connects  it  with  the  shaft. 
Hence,  when  a  metatarsal  bone  is  held  with  the  head  forward, 
and  the  dorsum  of  the  shaft  upward,  the  more  prominent  condyle 
will  be  on  the  outer  side. 

First  metatarsal — The  excessive  strength  and  size  of  the 
first  metatarsal  bone,  which  supports  the  great  toe,  are  pecuhar 
to  man.  It  is  the  chief  support  upon  which  the  body  is  raised 
by  the  great  muscles  of  the  calf. 

Base. — The  base  presents,  posteriorly,  a  concave,  kidney- 
shaped  surface,  with  the  hilus  of  the  kidney  pointing  outwards, 
to  articulate  exclusively  with  the  internal  cuneiform  bone ;  and 
there  is  an  impression  on  the  outer  side  of  its  plantar  aspect, 
indicating  the  insertion  of  the  '  peroneus  longus'  (fig.  44). 
Superiorly,  internally,  and  inferiorly  the  base  is  rough  for  the 
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attachment  of  ligaments,  and  below  and  inside  for  part  of  the 
tendon  of  the  '  tibialis  anticus.'  Frequently  we  notice  an  elon- 
gated, flattened  facet  on  the  outer  side,  and 
in  front  of  the  one  for  the  '  peroneus  '  tendon, 
to  articulate  with  the  inner  surface  of  the 
base  of  the  second  metatarsal. 

Head. — The  head  is  remarkably  broad,  and 
supports  the  ball  of  the  great  toe.  It  has  on 
its  under  surface  two  deep  antero-posterior 
articular  grooves  (separated  by  a  ridge)  for 
the  play  of  the  two  sesamoid  bones. 

Shaft. — The  shaft  is  the  shortest  and 
thickest  of  all  the  five  shafts.  It  has  three 
borders,  viz.  inner,  outer,  and  inferior,  separating  three  surfaces, 
viz.  superior,  inner,  and  outer.  The  wmer  border  begins  behind 
at  the  most  prominent  part  of  the  inside  of  the  base,  and  termi- 
nates anteriorly  at  the  tubercle  on  the  inside  of  the  head.  It 
is  smooth  and  rounded  throughout.  The  external  border  begins 
at  the  upper  surface  of  the  base,  runs  downwards  and  forwards 
and  terminates  on  the  dorsal  side  of  the  tubercle  on  the  outside 
of  the  head.  It  is  also  smooth  and  rounded,  and  is  seen  more 
when  viewing  the  bone  from  above  than  from  the  outside.  The 
inferior  border  starts  behind  at  the  rough  prominent  under  surface 
of  the  base,  and  terminates  about  the  junction  of  the  anterior 
and  middle  thirds  of  the  shaft  by  dividing  uito  two  very  slightly 
marked  branches  runnmg  to  the  corresponding  condyles. 

The  superior  surface  is  smooth,  loolis  upwards  and  inwards. 
Posteriorly,  it  looks  more  inwards  than  upwards.  It  is  covered 
by  the  tendon  of  the  '  extensor  longus  polhcis  '  and  the  inner- 
most one  of  the  '  extensor  brevis  digitorum.'  The  internal  sur- 
face is  broader  and  more  hollowed  posteriorly  than  anteriorly. 
It  looks  downwards  and  very  shghtly  inwards  at  its  posterior 
and  straight  downwards  at  its  anterior  extremity.  It  is  smooth 
throughout.  The  external  surface  is  also  broader  and  more  hol- 
lowed behind  than  in  front.  It  looks  upwards  and  outwards  in 
its  whole  extent,  and  gives  origin  to  part  of  the  first  '  dorsal 
interosseous '  muscle.    The  medullary  foramen  is  situated  in  the 
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middle  third  of  the  outer  surface  of  the  shaft,  close  to  the  inferior 
"border,  and  is  directed  obliquely  forwards. 

Second  2^etatarsal. — The  second  metatarsal  is  the  longest 
■of  all. 

Base. — The  base  is  cuneiform,  with  the  edge  of  the  wedge 
pointmg  downwards.  Its  j^osterior  surface  is  triangular  and  con- 
■cave  to  articulate  with  the  middle  cuneiform.  Its  superior  surface 
■is  rough,  points  upwards  and  slightly  outwards,  and  gives  attach- 
ment to  dorsal  ligaments.  Its  inferior  surface  forms  a  rough 
ridge  for  the  attachment  of  plantar  ligaments.  Its  internal 
surface  shows  at  its  posterior  and  superior  angle  a  small  flat 
facet  looking  inwards  for  articulation  with  the  corresponding 
facet  upon  the  internal  cuneiform.  In  front  of  this  the  internal 
surface  is  rough  for  the  attachment  of  interosseous  ligaments. 
The  external  surface  of  the  base  presents  a  superior  and  an  in- 
ferior articular  facet,  separated  by  a  deep  rough  antero-posterior 
groove.  The  articular  facets  are  further  divided  into  four  facets 
by  a  smooth  vertical  elevation,  viz.  two  anterior,  looking  outwards 
and  slightly  forwards  for  articulation  with  the  third  metatarsal 
bone,  and  two  posterior,  looking  outwards  and  slightly  backwards 
for  articulation  with  corresponding 
facets  upon  the  external  cuneiform. 
The  rough  antero-posterior  groove 
gives  attachment  to  interosseous 
ligaments  (figs.  45,  46). 

Head. — The  head  presents  the 
ordinary  characters  of  the  head  of 
a  metatarsal  bone. 

Shaft. — The  shaft  is  flattened 
from  side  to  side.    Its  most  slender 

BASE  OF  SECOND  RIGHT  METATARSAL. 

part  is  about  the  junction  of  the  anterior  third  with  the  posterior 
two-thirda.  The  external  harder  begins  at  the  outside  of  the 
posterior  surface  of  the  base,  runs  forwards,  arching  at  the  same 
time  inwards,  and  terminates  at  the  external  tubercle  of  the  distal 
extremity.  The  internal  border  stretches  between  the  inside  of 
the  back  of  the  base  and  the  internal  tubercle.  It  arches  out- 
wards on  its  way  forwards,  so  tbat  the  external  and  internal 
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borders  almost  meet  in  the  middle  of  the  shaft.  The  inferior 
horder  runs  along  the  outer  side  of  the  under  aspect  of  the  bone, 
commencing  behmd  at  the  under  side  of  the  base,  and  bifurcating 
in  front  to  terminate  in  the  inner  and  outer  condyles  on  the 
under  surface  of  the  head.  The  superior  surface  is  enclosed  by 
the  internal  and  external  borders.  It  is  very  narrow  in  the  middle 
and  is  covered  by  the  extensor  tendons  of  the  corresponding  toe. 
The  inner  surface  Kes  between  the  internal  and  inferior  borders. 
It  is  very  convex  from  above  downwards  internally,  occupies 
nearly  two-thirds  of  the  circumference  of  the  shaft,  and  gives 
origin  to  part  of  the  first  '  dorsal  interosseous '  muscle.  Fre- 
quently it  presents,  at  its  posterior  end,  an  oval  facet  to  articu- 
late with  a  corresponding  facet  on  the  outside  of  the  base  of 
the  first  metatarsal.  The  external  surface  is  flatter  when  traced 
vertically  than  the  mner  surface,  .and  gives  origin  to  part  of  the 
second  '  dorsal  interosseous  muscle.'  The  '  medullary  foramen  ' 
is  situated  in  the  middle  third  of  this  surface,  and  slants  towards 
the  proximal  extremity  of  the  bone. 

Third  Metatarsal.— Base. — The  base  of  the  third  meta- 
tarsal is  wedge-shaped,  like  that  of  the  second.  It  is  supported 
on  the  anterior  surface  of  the  external  cuneiform.  Its  superior  or 
dorsal  surface  looks  up  and  out,  and  is  rough  for  the  attachment 
of  dorsal  hgaments.  Its  inferior  or  plantar  surface  forms  the 
edge  of  the  wedge,  and  is  rough  for  the  attachment  of  plantar 
ligaments  and  a  prolongation  of  the  tendon  of  the  '  tibialis 
Fig.  47.  Fig.  48.       posticus,'    and  for  the  origin  of 

part  of  the  'adductor  poUicis.' 
Its  posterior  surface  is  triangular 
and  concaive  for  articulation  with 
the  external  cuneiform.  Its  inter- 
nal surface  presents  two  flattened 
articular  facets,  separated  by  an 
antero-posterior  rough  groove,  for 
articulation  with  the  corresponding 
iNNEB  SIDE.  OUTER  SIDE,    fg^gg^g  qu  the  Sccoud  metatarsal 
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the  lower  one,  and  both  are  continuous  with  the  articular  surface 
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on  the  posterior  surface  of  the  base.  Its  external  surface  shows  a 
large  oval,  slightly  concave,  and  isolated  facet  at  its  upjjer  and  back 
part  for  articulation  with  the  fourth  metatarsal,  and  below  and  in 
front  a  very  rough  space  for  interosseous  ligaments  (figs.  47,  48). 

Head. — The  head  shows  the  ordinary  features  belonging  to 
the  heads  of  metatarsal  bones. 

Shaft. — The  shaft  resembles  that  of  the  second,  already  de- 
scribed, with  this  exception,  that  we  may  describe  a  rounded 
vertical  ridge  running  down  the  middle  of  the  internal  surface 
and  marking  off  a  space  above  for  the  origin  of  part  of  the 
second  '  dorsal  interosseous  '  and  a  space  below  for  the  origin  of 
the  fu-st  '  plantar  interosseous.'  The  external  surface  looks  a  little 
more  upwards  than  the  corresponding  surface  on  the  second,  and 
gives  origin  to  part  of  the  thu-d  '  dorsal  interosseous '  muscle. 
The  medullary  foramen  is  situated  m  the  middle  third  of  this 
sm-face  and  runs  towards  the  base  of  the  bone. 

rourth  Metatarsal — Base.— The  base  of  the  fourth  meta- 
tarsal is  cubical  m  shape,  and  projects  more  above  and  outside 
than  below  and  inside.    Its  superior  surface  is  rough  for  dorsal 
hgaments,  and  fi-equently,  at  its  outer  border,  for  msertion  of 
part  of  the  tendon  of  the  '  peroneus  tertius.'    Its  inferior  sm-face 
is  somewhat  less  m  extent  than  its  superior,  and  is  also  rough  for 
the  attachment  of  plantar  hgaments  and  a  prolongation  of  the 
tendon  of  the  '  tibiahs  posticus,'  and  for  the  origin  of  part  of 
the  '  adductor  poUicis.'    The  posterior  surface  presents  a  four- 
sided,  smuous,  articular  facet  to  articulate  with  the  correspond- 
ing one  on  the  cuboid.    The  internal  surface  has  above  an  oval, 
slightly  concave,  articular  facet,  divided  by  a  sHght  ridge  mto  a 
larger  anterior  part  for  articulation  with  the  side  of  the  base  of 
the  third  metatarsal,  and  a  smaller  posterior  part  to  articulate 
with  the  outer  cuneiform.   The  fourth  metatarsal  does  not  always 
touch  the  outer  cuneiform,  which  variation  is  seen  in  several 
specimens  in  the  stores  of  the  Museum  of  the  Eoyal  College  of 
Surgeons.    The  external  surface  of  the  base  has,  at  its  upper 
and  posterior  angle,  a  large  facet,  rather  triangular  in  shape, 
and  slightly  concave,  for  articulation  with  the  inside  of  the  base 
of  the  fifth  metatarsal  (figs.  49,  50). 


■252 


THE  METATAESUS 


INNER  SIDE. 


OUTER  SIDE. 


BASE  OF  POUBTH  BIGHT  METATAESAL. 


Head. — The  head  shows  the  characters  common  to  the  heads 
of  the  four  outer  metatarsal  bones. 

Shaft. — The  shaft  is  much  comj)ressed  laterally.  It  is  twisted 
so  that  its  outer  surface  looks  outwards  and  upwards  behind, 
find  outwards  in  front.    The  dorsal  surface  is  extremely  narrow, 

the  inner  and  outer  borders  almost 
touching  in  their  whole  length. 
The  inferior  border  is  thrown  well 
out  on  the  inferior  aspect  of  the 
bone,  allowing  therefore  a  very  large 
internal  surface.  The  vertical  line 
on  the  internal  surface,  separatmg 
the  origin  of  the  third  '  dorsal  inter- 
osseous '  from  that  of  the  second 
'  plantar  interosseous  '  muscle,  is 
well  marked.  The  external  surface 
■gives  origin  to  part  of  the  fourth  '  dorsal  interosseous.'  The 
medullary  foramen  is  situated  as  in  the  third  metatarsal. 

Fifth  IWetatarsal. — Base. — The  superior  surface  is  wide  and 
Tough,  especially  internally  for  the  insertion  of  the '  peroneus  ter- 
-tius '  and  externally  for  the  insertion  of  the  '  peroneus  brevis.'  The 
Fig.  51.     Fig  62      inferior  surface  of  the  base  is  broad  and 
rough,  affording  attachment,  posteriorly,  to 
ligamentous  fibres  connecting  it  with  the 
under  surface  of  the  cuboid,  and,  anteriorly, 
to  the  fibres  of  origin  of  the  '  flexor  brevis 
minimi  digiti.'    The  posterior  surface  (fig. 
51)  presents,  internally,  a  large  triangular, 
concave,  smooth  facet,  lookmg  backwards 
and  inwards  for  articulation  with  a  corre- 
sponding one  on  the  anterior  surface  of  the 
cuboid,  and,  externally,  a  rounded,  blunt, 
rough  promuience  for  the  attachment  of  the 
outer  division  of  the  '  plantar  fascia.'  The 
internal  surface  shows  a  four- sided  articular  facet  for  the  base  of 
the  fourth  metatarsal.    The  external  surface  (fig.  52)  forms  a 
rounded,  rough  eminence  projecting  outwards  and  backwards,  and 
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called  the  '  tuberosity  '  of  the  fifth  metatarsal,  and  giving  attach- 
ment superiorly  to  part  of  the  '  peroneus  brevis  '  tendon,  inferiorly 
to  fibres  of  the  '  flexor  brevis  minimi  digiti,'  and  between  these 
two  to  part  of  the  outer  band  of  the  '  plantar  fascia.' 

Head.— The  head  is  more  flattened  from  above  downwards 
and  tm-ned  more  outwards  than  that  of  the  second,  of  the  third, 
and  of  the  fourth  metatarsal. 

Shaft.— The  shaft  is  much  flattened  vertically  and  much 
broader  posteriorly  than  anteriorly.  The  external  and  the  inter- 
nal borders  are  well  marked.  They  enclose  a  broad  superior  sur- 
face looking  upwards  and  inwards,  and  are  covered  by  the  extensor 
tendon  of  the  little  toe.  The  inferior  border  is  sHghtly  marked. 
It  begms  behind  m  front  of  the  roughness  for  the  'extensor 
minimi  digiti'  and  terminates  by  joining  the  outer  condyle 
anteriorly.  The  internal  surface  is  broad  and  lies  between  the 
internal  and  inferior  borders.  It  is  divided  into  two  parts 
by  the  vertical  line,  which  runs  forwards  from  the  inside  of  the 
inferior  surface  of  the  base  and  terminates  at  the  internal  con- 
dyle. The  part  of  the  surface  above  this  line  looks  inwards,  and 
gives  origin  to  the  fourth  'dorsal  interosseous'  muscle,  while 
the  part  below  looks  more  downwards  than  inwards,  and  gives 
origin  to  the  thii-d  '  palmar  interosseous  '  muscle.  The  medul- 
lary foramen  is  situated  close  to  the  middle  of  the  vertical  line, 
and  rtms  backwards  towards  the  base  of  the  bone. 

Agreement  between  metatarsals  and  Ittetaearpals.— It 
may  be  well  to  remind  the  reader  that  there  is  a  remarkable 
agreement,  in  the  majority  of  cases,  in  the  number  of  bones  with 
which  corresponding  metatarsals  and  metacarpals  articulate  at 
their  bases.  Thus,  the  base  of  the  first,  in  each  case,  articulates 
with  one  bone— that  of  the  second  with  four— that  of  the  thu-d 
with  three— that  of  the  fourth  with  four— and  that  of  the  fifth 
with  two. 

Ossificatlon.-Like  the  corresponding  metacarpal  bones  the 
frmr  outer  metatarsals  have  each  a  centre  of  ossification  for'  the 
shaft,  appearing  in  the  eighth  or  ninth  week,  and  a  centre  for 
the  head  or  distal  extremity,  appearing  from  the  third  to  the 
eighth  year,  and  joining  the  shaft  from  the  eighteenth  to  the 
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twentieth  year.  In  the  first  metatarsal  bone,  the  centre  for  the 
epiphysis  appears  at  the  proximal  extremity,  although  there  is 
occasionally  a  second  epiphysis  formed  at  the  distal  end.  Notice 
that  the  situation  of  the  epiphysis  with  regard  to  the  direction 
of  the  medullary  foramina  follows  the  ordinary  law  observable 
in  other  long  bones. 

Fhalang-es  of  the  Toes. — Each  toe  consists  of  three 
phalanges,  named,  as  in  the  fingers,  proximal,  metatarsal,  or 
first ;  middle  or  second ;  and  distal,  ungual  or  third,  with  the 
exception  of  the  great  toe,  which  has  only  two,  viz.  the  proxi- 
mal, metatarsal,  or  first ;  and  the  distal,  ungual,  or  thhd.  The 
phalanges  of  the  toes  present  the  characters  which  belong  to  the 
corresponding  phalanges  of  the  fingers  (to  the  description  of 
which  the  reader  is  referred),  with  this  exception,  that  m  the 
three  outer  toes  they  are  much  smaller,  especially  those  of  the 
middle  row.  Sometimes  the  middle  phalanges  of  the  three  outer 
toes  are  reduced  to  mere  flattened  nodules  of  bone,  which  occa- 
sionally are  ossified  to  the  distal  ones.  This  ossification  is  most 
often  seen  in  the  little  toe.  The  plantar  aspects  of  the  lateral 
margins  of  the  middle  phalanges  of  the  four  outer  toes  give 
insertion  to  the  tendons  of  the  '  flexor  brevis  digitorum.'  The 
■dorsal  surfaces  of  the  bases  of  the  same  phalanges  and  of  the  distal 
ones  afford  attachment  to  the  tendons  of  the  '  extensor  lougus 
digitorum.'  The  tendons  of  the  '  extensor  brevis  digitorum '  are 
attached  with  the  tendons  of  the  extensor  longus  digitorum  going 
to  the  middle  and  distal  phalanges  of  the  second,  third,  and 
fourth  toes.  (Plate  XXXYII.)  As  the  great  toe  is  the  most 
important  digit  in  the  foot,  so  it  is  the  longest  and  strongest  of 
all  the  toes.  In  the  antique,  the  second  is  represented  as  the 
longest  toe.  The  metatarsal  phalanx  of  the  great  toe  is  thick, 
and,  all  round  the  margin  of  its  base,  it  is  rough  for  the  attach- 
ment of  ligamentous  fibres  of  the  metatarso-phalangeal  articu- 
lation and  dorsally  for  the  insertion  of  the  innermost  tendon  of 
the  '  extensor  brevis  digitorum.'  The  inner  aspect  of  the  base, 
near  the  plantar  surface,  affords  insertion  to  the  '  abductor  pol- 
licis '  and  the  inner  head  of  the  '  flexor  brevis  poUicis,'  while  the 
correspondmg  part  of  the  external  surface  gives  insertion  to  the 
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*  adductor  pollicis,'  '  transversiis  pedis,'  and  the  outer  head  of 
the  'flexor  brevis  polHcis.'  The  distal  phalanx  has,  on  the 
plantar  surface  of  its  base,  a  rough  triangular  mark  for  the 
insertion  of  the  tendon  of  the  '  flexor  longus  pollicis,'  and  close 
to  the  posterior  margin  of  its  dorsal  surface  a  rough  transverse 
ridge  for  the  insertion  of  the  tendon  of  the  '  extensor  proprius 
polheis  ' 

Ossification — The  mode  of  ossification  of  the  phalanges 
agrees  with  that  of  the  corresponding  bones  of  the  hand.  The 
nuclei  of  the  shafts  appear  from  the  ninth  to  the  tenth  week. 
The  epiphyses  at  the  bases  appear  from  the  fourth  and  the  eighth 
year,  and  unite  with  the  shafts  from  the  nineteenth  to  °  the 
twenty-first  year. 

Comparative  Osteologry — Like  the  thumb,  the  first  or 
gi-eat  toe  has  only  two  phalanges.  This  is  the  case  throughout 
the  whole  mammalian  class,  provided  it  supports  a  naU,  a  hoof, 
or  a  claw.  The  hind  foot  of  the  horse  is  the  representative  of 
the  thh'd  toe. 

Sesamoid  Bones. 

There  are  two  sesamoid  bones,  which  play  in  two  grooves  be- 
neath the  head  of  the  first  metatarsal  bone.  They  act  like  little 
'pateUae,'  and  increase  the  leverage  of  the  muscles  which  work 
the  great  toe  (see  p.  215).  Very  exceptionally  similar  bones  are 
met  with  m  the  corresponding  joints  of  other  toes. 
_  Comparative  Osteolo^y.-There  are  many  sesamoid  bones 
m  the  foot  of  the  great  armadillo  (Priodontes  gigas.  No.  3580) 
There  are  four  sesamoid  bones  behind  the  pastern  joint  of 
the  ox,  and  two  behind  that  of  the  horse.  The  sesamoid  bone 
m  the  tendon  of  the  flexor  longus  digitorum,  behind  the  last 
bone      '  ^^terinarians,  from  its  shape,  the  'navicular' 

Observations  on  the  Poot  as  a  Whole. 

_  General  Observations  on  the  Foot.-The  knowledge  of  the 
indn-Klna  bones  wil  be  of  little  practical  use,  unless  the  skeleton 
of  the  foot  be  studied  as  a  whole.  ^^-^tton 
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The  sketch  below/^  taken  from  a  preparation,  is  made  to- 
show  the  sequence  of  the  bones  which  form  the  hmer  and  the 


Fia.  53 


Inner  cunei 
form 


Os  calcis 


Cuboid 


outer  sides  of  the  longitudinal  arch  of  the  foot.  On  the  inner 
side  are  the  astragalus,  the  scaphoid,  and  the  three  cuneiform 


OBSERVATIONS  ON  THE  FOOT  AS  A  WHOLE 


257 


"bones  supporting  the  three  inner  metatarsals.  On  the  outer 
side  are  the  os  calcis,  the  cuboid,  and  the  two  outer  metatarsals. 
By  putting  the  two  sides  together,  it  is  easy  to  study  and  recol- 
lect their  relative  bearings. 

Arches  of  the  Foot. — The  foot  is  a  combination  of  numerous 
small  bones,  so  adapted  and  connected  as  to  form  strong  and,  at 
the  same  time,  elastic  arches. 

Long-itudinal  Arch. — The  principal  arch  is  in  the  antero- 
posterior or  long  axis  of  the  foot.  The  '  longitudinal  arch  '  has 
to  bear  the  weight  of  the  body  erect.  It  is  supported,  behind, 
by  the  tuberosities  of  the  os  calcis  ;  and  in  front,  by  the  distal 
ends  of  the  metatarsal  bones.  Its  inner  side  is  much  higher 
than  the  outer,  and  is  formed  by  the  astragalus,  the  scaphoid, 
the  three  cuneiform  and  three  inner  metatarsal  bones.  This  is 
well  seen  in  fig.  53.  The  outer  side  of  the  arch  is  much  lower 
than  the  inner,  and  is  formed  by  the  os  calcis,  the  cuboid,  and 
the  two  outer  metatarsal  bones.  It  is  supported  mainly  by  a 
strong  hgament  termed  the  '  calcaneo-cuboid.' 

Transverse  Arch.— Besides  the  longitudinal  arch  there  is 
another  in  the  transverse  du-ection.  This  is  most  marked  over 
the  instep  :  that  is,  its  greatest  convexity  is  across  the  cuneiform 
and  the  cuboid  bones.  Its  inner  side  is  much  thicker  than  the 
outer. 

Yielding-  of  the  Arches  When  we 

stand,  not  only  does  the  longitudinal  arch  of 
the  foot  yield,  but  the  transverse  arch  yields 
also.  The  wedge  bones  and  the  metatarsals 
are  connected  by  interosseous  ligaments,  gg 
which,  being  slightly  elastic,  give  a  little,  and 
thereby  increase  the  transverse  breadth  of  the 
foot.  A  transverse  section  across  the  instep 
— that  is,  through  the  wedge  bones— shows 

,  ,  ^  °  TBANSVEB8E        SEC-  . 

that  they  are  shaped,  not  like  the  stones  of  a     TION  TO  SHOW  TUE 
bridge,  as  in  fig.  54,  but  as  represented  in 
fig.  55.     Their  sides  are  not  in  apposition  ~ 
all  the  way  down,  but  gaps  are  left  between  them  :  now  these 
gaps  are  occupied  by  elastic  hgaments,  which  permit  a  certain 
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amount  of  separation  between  the  boaes  when  the  arch  is  pressed" 
upon. 

zaechanism  of  Foot  in  Walking-.— Consider  the  mechanism 
of  the  foot  in  the  act  of  walking.  In  standing,  the  weight  of 
the  body  is  transferred  from  the  astragahis  both  backwards 
and  forwards  ;  backwards  to  the  heel  bone,  forwards  to  the  ends 
of  the  metatarsals  and  toes.  The  inner  side  of  the  arch  sinks 
a  little  ;  the  outer  side  touches  the  ground,  or  nearly  so.  Thus 
the  weight  is  evenly  distributed ;  the  head  of  the.  astragalus 
transmitting  it  to  the  inner  side,  the  calcaneum  to  the  outer 
side.  The  foot  then  forms  a  firm  basis  of  support,  becoming  a 
little  longer,  and  a  Uttle  wider  at  the  toes,  owing  to  the  widening 
of  the  transverse  arch  and  the  slight  separation  of  the  meta- 
tarsals. 

When  we  begin  to  walk,  the  heel  is  first  raised ;  the  astragalus 
is  tilted  forwards  and  downwards,  but  cannot  shp  off  the  os  calcis 
by  reason  of  the  alternately  convex  and  concave  joints  between 
them.  The  astragalus  m  this  position  is  almost  hooked  on  to  the 
■calcaneum.  It  transmits  the  weight  of  the  body  through  the 
scaphoid  to  the  three  inner  toes,  and  through  the  calcaneum  and 
cuboid  to  the  two  outer ;  then  the  weight  is  entirely  sustamed  by 
the  heads  of  the  metatarsal  bones,  especially  that  of  the  great  toe, 
which  is  the  last  to  leave  the  ground,  and  propels  the  body  on  to 
the  other  foot,  extended  forward  to  receive  it.'"' 

Such  is  the  mechanism  of  the  calcaneo-astragaloid  joint.  It 
is  equally  strong  and  transmits  weight  with  the  same  security, 
whether  the  pressure  be  vertical,  as  in  the  erect  position,  or 
obhque,  as  in  the  middle  of  the  act  of  walking,  or  when  we  stand 
on  tiptoes. 

Our  shoes  ought  to  be  made  so  as  to  permit  the  natural  play  of 
the  arches  of  the  foot.  It  is  manifest  that  the  practice  of  wearing 
high  heels  alters  the  level  of  the  piers  of  the  arches.  By  thus 
raising  one  pier,  i.e.  the  heel  bone,  we  walk  on  an  inclined  plane  ; 
we  alter  the  bearings  of  all  the  other  bones ;  we  throw  the  pres- 
sure on  the  articular  surfaces  of  the  heads  of  the  metatarsal 
hones,  and  thus  give  rise  to  distortion,  crooked  toes,  bunions,  and 
corns— local  troubles  which  disincline  or  prevent  us  fi-om  taking 


OBSERVATIONS  ON  THE  FOOT  AS  A  WHOLE 


259 


necessary  exercise,  and  set  up  fair  more  serious  constitutional 
ailments. 

Ancient  Egyptian  and  Greek  art  represents  the  second  toe  as 
longer  than  the  great  toe.  This  was  probably  copied  from  the 
negi-o,  for  in  our  race  at  the  present  time  the  great  toe  is  cer- 
tainly the  longest  of  all  the  toes  in  the  vast  majority  of  cases." 

Comparative  Osteolog-y.— The  chief  variations  in  the  digits 
of  the  vertebrata  are  of  number  and  connections.    In  some  in- 
stances—e.g.  seal  (No.  1062),  also  Platanista  gangetica  (Cetacea, 
No.  2932)  —the  digits  are  so  bound  together  in  a  common  sheath 
that  they  have  httle  individual  movement,  though  they  form  an 
excellent  paddle.    The  number  is  reduced  to  four  in  the  boar 
(No.  1773),  to  three  m  the  rhinoceros  (No.  2142),  to  two  in  the  ox 
(No.  1143),  and  to  one  in  the  horse  (No.  2069,  Equus  caballus). 
The  middle  digit  is  the  most  constant  of  all  the  digits  in  the  ver- 
tebrata.   The  bones  formmg  the  three  jomts  of  this  toe  answer 
to  those  caUed  the  '  great  pastern  bone,'  the  '  little  pastern  bone,' 
and  the  '  coffin  bone' m  the  horse,  while  the  nail  in  the  toe  is 
represented  by  the  hoof. 

An  mspection  of  the  separate  series  of  bones  in  the  Osteol. 
Mus.  of  the  Eoyal  CoUege  of  Surgeons  wiU  show  that  the  horse 
walks  on  his  third  toe  (i.e.  our  middle  toe),  and  the  pig  and  cow 
on  the  third  and  fom-th.  The  kangaroo  walks  on  his  fourth  and 
fifth  toes,  the  second  and  third  bemg  greatly  dimmished  in  size. 
Birds  have  three  toes  usually  developed,  viz.  the  second,  third,  and 
fourth ;  but  the  ostrich  only  has  two,  viz.  the  thu'd  and  the  fourth. 

The  elephant  (Proboscidia,  No.  2359)  has  five  toes,  and  the 
weight  of  the  body  is  supported  by  a  palmar  and  plantar  pad 
under  the  toes. 

The  Hyrax  Capensis  (No.  2231)  will  be  seen  to  have  four 
toes  on  each  fore,  and  three  on  each  hind  limb  ;  those  in  front 
correspond  to  the  second,  third,  fourth,  and  fifth;  those  behind 
to  the  three  middle  ones.  The  inner  nail  on  the  hind  foot  is 
much  curved. 

In  Ungulata  there  are  never  more  than  three  full-sized  toes 
on  each  limb,  and  they  end  in  hoof-like  nails.  They  are  never 
plantigrade,  but  unguligrade,  or  digitigrade. 

8  2 
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A  very  large  number  of  animals,  as  cats,  dogs,  tigers,  and  most 
carnivora,  walk  on  their  toes  (digitigrade) ;  but  bears  maybe  seen 
to  have  five  toes  of  equal  length,  and  to  walk  on  the  flat  of  the 
foot— that  is,  they  bring  the  heel  to  the  ground,  which  makes  them 
bad  walkers  but  good  climbers. 

Tigers  and  cats  can  at  will  either  show  or  hide  their  claws. 
When  their  claws  are  hidden,  the  ungual  phalanx  with  the  attached 
claw  is  bent  backwards  and  on  to  the  outer  side  of  the  second 
phalanx  by  a  strong  elastic  Hgament. 

When  these  animals  wish  to  scratch  or  climb  they  set  m 
action  the  flexor  longus  digitorum,  which  flexes  the  ungual 
phalanx  and  brings  down  with  it  the  claw.  Examme  this 
beautiful  arrangement  in  the  digit  of  a  lion,  in  the  comparative 
anatomy  of  the  soft  parts  in  the  College  of  Surgeons'  Museum 
(No.  287  A). 

Bears  have  not  this  power ;  hence  their  claws  are  always 
visible,  and  rattle  on  the  ground  as  they  walk. 

Compare  the  foot  of  the  tiger  with  that  of  the  grizzly  bear. 

Interosseous  Muscles  of  the  Foot. 
Plan  of  Arrangement—The  interosseous  muscles  m  the 
foot  (Plate  XXXVII.)  are  arranged  very  much  like  those  m  the 
hand.  They  are  seven  in  number  ;  four  on  the  dorsal  surface 
and  three  on  the  plantar.  Observe  that  the  dorsal  arise  from  the 
opposite  sides  of  the  metatarsal  bones,  and  are  mserted  m  o  the 
first  phalanges  of  the  second,  third,  and  fourth  toes,  so  hat  they 
draw  the  toes  from  a  hne  corresponding  to  the  of  the  s.co^^. 
toe.  It  should  be  remembered  that,  in  the  case  of  the  hand,  this 
line  corresponds  to  the  axis  of  the  middle  finger.  _ 

The  plantar  belong  to  the  three  outer  toes  ;  each  arises  fiom 
one  metatarsal  bone,  and  is  inserted  into  the  first  l*al--;J 
same  toe  on  the  inner  side  of  its  base,  so  that  they  draw  tomrds 
the  above-mentioned  line. 
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THE  THORAX. 

(Plates  XXXIX.-XLII.) 

General  Description. — The  thorax  is  the  framework  which 
contams  the  heart  and  lungs.  The  ribs,  with  their  cartilages, 
describe  a  series  of  arcs,  successively  increasing  in  length  as  far 
as  the  seventh,  and  form,  with  the  spine  and  sternum,  a  barrel  of 
a  somewhat  conical  shape,  much  broader  from  side  to  side  than 
from  before  backwards.  The  lower  aperture  or  base  of  the  cavity 
is  open  in  the  skeleton,  but  closed  in  the  recent  subject  by  a 
thin  flat  muscle,  called  the  '  diaphragm,'  which  separates  the 
chest  from  the  abdomen,  and  has  openings  for  the  passage  of  the 
alimentary  canal  and  the  great  blood-vessels.  This  muscular 
partition  is  not  flat,  but  arched,  so  that  it  forms  a  vaulted  floor 
for  the  chest.  By  alternately  falling  and  rising,  it  increases  and 
diminishes  the  capacity  of  the  chest.  The  spaces  between  the 
ribs  are  filled  by  the  intercostal  muscles. 

Such,  in  outline,  is  the  framework  of  the  chest.  Its  walls  are 
made  up  of  different  structures — bones,  cartilages,  and  muscles — 
which  by  their  union  answer  two  apparently  incompatible  pur- 
poses. By  their  solidity  and  elasticity  they  protect  the  important 
organs  contained  in  the  chest ;  and  by  alternately  dilating  and 
contracting,  serve  as  the  mechanical  agents  of  respiration.  They 
enlarge  the  cavity  of  the  chest  in  three  directions :  in  height,  by 
the  descent  of  the  diaphragm ;  in  width,  by  the  turning  outwards 
of  the  ribs ;  in  depth,  by  the  raising  of  the  sternum. 
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THE  STEBNUM. 
(Plate  XXXIX.) 

Position. — The  sternum  [a-Tepvov,  the  breast)  is  a  long  flat 
bone,  situated  in  front  of  the  chest,  and  supports  the  ribs  and 
the  clavicles.  In  the"  adult  male,  it  is  from  six  to  seven  inches 
long  :  rather  less  in  the  female.  Observe  that  its  dh*ection  is  not 
perpendicular,  but  that  it  slants  forwards,  and  thus  makes  more 
room  for  the  heart  and  lungs.  It  is  much  broader  and  thicker  at 
the  upper  end  (manubrium),  where  it  supports  the  clavicles.  The 
middle  of  its  upper  border  is  on  a  level  with  the  under  edge  of 
the  second  dorsal  vertebra,  while  the  corresponding  part  of  its 
lower  edge  is  somewhere  opposite  the  tenth  dorsal  vertebra.  The 
sternum  was  compared  by  the  ancients  to  a  sword ;  the  broad 
part  was  called  '  manubrium,'  the  middle  part  '  mucro,'  or  gla- 
diolus, and  the  cartilage  at  the  end  the  '  xiphoid  '  or  '  ensiform  ' 
cartilage. 

IWanubrium,  or  Presternum. — This  part  of  the  sternum 
presents  an  anterior  surface  which  is  somewhat  convex  from  side 
to  side  and  concave  from  above  downwards.  The  surface  is 
marked  by  a  number  of  good-sized  nutrient  foramuia,  and  gives 
attachment  above  to  the  '  sterno-mastoid '  and  below  those  to 
the  'pectoralis  major  '  muscles. 

The  posterior  surface  is  smooth,  slightly  concave  in  every 
dh-ection,  marked  by  a  number  of  large  nutrient  foramina,  and  in 
the  neighbourhood  of  its  lateral  borders  gives  origin  to  the 
'  sterno-hyoid  '  and  '  sterno-thyroid '  muscles. 

The  suijerior  border  is  divisible  into  thirds :  a  middle  one, 
smooth  and  rounded,  called  the  '  suprasternal '  or  '  mtra-clavicular 
notch,'  and  giving  attachment  to  a  ligament  of  the  same  name ; 
two  lateral  ones,  broad  from  before  backwards  and  looking  up- 
wards and  outwards.  Each  of  the  lateral  ones  is  oval  in  shape, 
concave  from  above  downwards  and  outwards,  and  slightly  so 
from  before  backwards  (in  some  bones  it  is  rather  convex  m  this 
direction),  and  articular  for  articulation  with  the  sternal  ex- 
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tremity  of  the  clavicle.  These  '  clavicular  facets  '  of  the  sternum 
present  the  above  appearances  in  a  much  more  marked  degree 
"when  they  are  covered  by  their  articular  cartilage,  and  they 
thereby  perniit  the  clavicles  to  rotate  upon  them  nearly  as  freely 
as  the  thumb  does  upon  the  trapezium.  The  end  of  the  "clavicle 
is  much  larger  than  the  surface  on  which  it  rotates ;  yet  disloca- 
tion of  it  is  exceedingly  rare,  owing  to  the  great  strength' of  the 
hgaments.  To  break  the  clavicle  is  much  easier  than  to  dislo- 
cate it. 

The  inferior  border  is  not  so  broad  as  the  superior  one.  It 
presents  an  oval,  rough  surface  for  articulation  by  the  uiterven- 
tion  of  a  plate  of  cartilage  with  the  upper  border  of  the  meso- 
sternum.  Its  anterior  and  posterior  edges  are  somewhat  pro- 
minent for  the  attachment  of  anterior  and  posterior  ligamentous 
fibres.  Frequently  in  old  age"  the  intervening  cartilage  gets 
ossified  at  its  circumference,  the  central  part  remaining  soft  and 
flexible.  .  • 

Each  lateral  border,  thicker  above  than  below,  presents,  in  its 
upper  half,  an  elongated,  triangular,  rough,  concave  facet  for  the 
junction  of  the  cartilage  of  the  first  rib,  and  in  its  lower  half, 
from  above  downwards,  first  a  smooth  rounded  notch,  forming  an 
inner  end  of  the  first  intercostal  space  and  next  a  slightly  con- 
cave, somewhat  triangular  facet,  which,  with  a  corresponding  one 
on  the  mesosternum,  articulates  with  the  cartilage  of  the  second 
rib. 

Gladiolus,  or  Mesosternum — This  presents  a  flattened, 
oval  figure,  with  the  broadest  part  of  the  oval  at  the  level  of  the 
fifth  costal  cartilages.    It  is  bent  forwards,  so  as  to  present  its 
greatest  convexity  in  that  du-ection  at  the  level  of  the  thii-d  or 
fourth  costal  cartilages  or  in  the  interval  between  these.  Ante- 
rior mrface :  This  sm-face  is  broadest  at  the  line  of  junction  of 
the  fifth  costal  cartilages.    It  is  marked  by  three  transverse 
ridges,  indicating  the  original  formation  of  the  gladiolus  by 
four  primary  pieces,  and  situated  opposite  the  junction  of  the 
third,  fourth,  and  fifth  costal  cartilages.    The  upper  ridge  is 
usually  the  best  marked,  and  the  lowest  one  may  be  very  indis- 
tinct.   The  intervening  spaces  between  these  ridges  are  slightly 
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concave  both  from  side  to  side  and  from  above  downwards. 
They  afford  attachment,  on  each  side  of  the  middle  line,  to  fibres 
of  the  '  pectoralis  major  '  muscles. 

The  posterior  surface  is  smoother  than  the  anterior ;  it  shows 
indications  of  the  transverse  ridges  and  is  concave  from  above 
downwards  and  slightly  so  from  side  to  side.  Close  to  the  lower 
half  of  each  of  its  lateral  margins  it  gives  origin  to  part  of  the 
triangularis  sterni.'  In  a  few  rare  cases  the  gladiolus  presents 
an  aperture,  called  the  '  sternal  foramen,'  at  the  junction  of  its 
third  and  fourth  pieces,  and  leading  from  the  anterior  to  the 
-posterior  surface  of  the  bone.  It  is  filled  up  by  membrane  in 
the  recent  state.  In  a  still  fewer  number  of  cases  the  fourth 
•piece  and  lower  part  of  the  third  are  split  by  a  fissure  which 
runs  through  the  metasternum.  This  latter  appearance  gives 
rise  to  the  term  '  cleft  sternum.' 

The  lateral  borders  are  each  marked  by  six  blunt  teeth  sup- 
porting concave  notches  for  the  reception  of  the  lower  half  of  the 
articular  extremity  of  the  second  costal  cartilage,  the  whole  of 
the  articular  extremities  of  the  third,  fourth,  fifth,  sixth,  and  the 
upper  half  of  the  seventh.  The  intervals  between  the  costal- 
cartilage  notches  form  smooth  concavities,  looking  outwards  and 

■  forming  the  inner  ends  of  the  '  intercostal  spaces.'  They  decrease 
in  size  from  above  downwards,  and  in  many  cases  the  interval 
between  the  sixth  and  seventh  cartilage  facets  is  wanting.  The 
notches  for  the  third,  fourth,  and  fifth  rib-cartilages  are  situated 
where  the  original  pieces  of  the  gladiolus  unite  ;  the  notches  for 
the  whole  of  the  sixth  and  upper  half  of  the  seventh  rest  on 

■  the  side  of  its  fourth  or  last  piece. 

The  siqierior  border  forms  a  rough  oval  surface,  correspondmg 
to  a  similar  one  on  the  lower  edge  of  the  manubrium,  and  to 
which  it  is  united  by  cartilage  and  ligaments.  The  articulation 
between  the  manubrium  and  gladiolus  forms  a  somewhat  pro- 
minent transverse  ridge  on  the  front  of  the  sternum,  readily 
felt  in  the  living  person,  and  situated  on  the  level  of  the  body 
of  the  fourth  dorsal  vertebra. 

The  inferior  border  is  short  and  irregular,  and  joined  to  the 
metasternum  by  cartilage  and  fibrous  tissue. 
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Ensiform  Cartilag-e,  Xiphi-sternum,  Xiphoid  Cartilag-e, 
or  Metasternum,  generally  remains  unossified  even  at  a  great 
age.  Its  length  and  shape  vary  much  in  different  persons. 
Sometimes  it  is  bent  forwards,  or  it  may  be  backwards,  and  this 
especially  in  workmen  who  hold  tools  against  the  pit  of  their 
stomach.  Occasionally  it  is  forked  at  the  lower  end.  It  gives 
attachment  to  the  '  linea  alba,'  a  narrow  aponeurotic  band,  which 
descends  along  the  middle  line  of  the  abdomen  to  the  symphysis 
pubis,  and  is  the  fibrous  continuation  of  the  sternum.  To  its 
anterior  sm-face  is  attached  the  '  rectus  abdominis,'  and  to  its 
posterior  the  '  diaphragm '  and  '  transversaHs  abdominis  ' 
muscles. 

Ossification. — The  presternum  has  usually  a  single  centre, 
appearing  about  the  sixth  month  of  foetal  Hfe.    Sometimes  there 
are  two,  and  rarely  several.    In  the  mesosternum  we  find  a 
centre  for  the  first  segment  appearing  at  the  seventh  month,  a 
centre  for  each  of  the  second  and  third  segments  at  the  eighth  or 
beginning  of  the  ninth  month,  and  a  centre  for  the  fourth  seg- 
ment appearing  in  the  first  year.    In  the  metasternum  ossifica- 
tion begins  in  the  sixth  year,  or  it  may  be  much  later.  The 
second,  thii-d,  and  fourth  pieces  of  the  mesosternum  unite  about 
puberty.    The  first  part  joins  the  second  about  the  twenty-fifth 
year.    The  metasternum  joins  the  mesosternum  about  middle 
age  and  the  mesosternum  rarely  unites  with  the  presternum.  If 
it  does,  it  is  only  in  advanced  age,  and  even  then,  there  is  only 
a  thin  layer  of  bone  externally,  the  cartilage  in  the  centre  stiU 
remaining.    The  above  is  the  ordinary  mode  of  ossification  of 
the  sternum,  but  sometimes  we  find  each  of  the  second,  thii-d, 
and  fourth  pieces  of  the  mesosternum  and  the  single  piece  of  the 
metasternum  developed  from  two  centres  placed  on  either  side 
of  the  middle  line  of  each  segment.     Should  these  centres  not 
join  one  another  across  the  middle  line,  a  '  cleft  sternum '  will 
remain.    Should  each  of  the  lower  segments  of  the  mesosternum 
possess  two  lateral  centres  of  ossification,  and  those  not  join 
^icrosH  the  middle  line,  the  '  sternal  foramen  '  shall  then  be  formed. 

Two  little  pieces  of  bone,  ossa  sujw.rstermdin,  are,  in  a  very 
rare  number  of  cases,  situated  on  each  side  of  the  suprasternal 
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notch.  If  present  they  are  jomed  to  the  presternum  by  Hga- 
mentous  fibres.  They  are  probably  remams  of  the  episternaL 
bone  of  monotremata. 

Comparative  Osteolog'y.^ — Contrast  the  broad  chest  of  man 
■with  that  of  the  oiirang  utan  (No.  37)  and  that  of  the  chim- 
panzee (Nos.  1-2).  In  the  adult  gorilla  the  parts  of  the  sternum, 
which  in  us  are  united,  are  seen  to  remain  separate. 

In  the  Separate  Series,  as  well  as  m  the  two  complete  skeletons- 
in  the  Normal  Human  Ostedlogical  Series,  examine  the  sternum 
of  the  Bushman,  and  you  will  see  that  the  manubrium  sterni  is 
firmly  united  to  the  gladiolus,"  and  there  is  Httle  or  no  trace  of 
the  original  separations  between  the  pieces  of  which  the  sternum 
is  composed. 

Most  flying  animals  support  themselves  in  the  air  by  the  actioiL 
of  their  pectoraHs  major  muscle  on  the  upper  extremity,  and 
therefore  this  muscle  is  large  in  proportion  with  the  flying 
capabihty.  The  surface  of  origin  in  such  animals  is  increased 
by  the  development  of  a  great  keel  down  the  middle  of  the 
sternum,  which  may  be  seen  in  nearly  all  of  the  flying  bnds. 
{Gari?iatce)—iov  instance,  in  tlie  great  bustard  (No.  1849)— as  well 
as  in  the  extmct  flying  lizards  (Pterosauria,  No.  A  119,  Pal.  Ser, 
Mus.  Eoy.  Coll.  Surg.)  This  keel  is  absent  in  the  non-flying, 
birds,  such  as  the  ostrich  (No.  1362),  the  extinct  dinornis  (No. 
1588  A,  Pal.  Ser.  Koy.  Coll.  Mus.  Surg.),  the  apteryx  (Nos.  1355 
and  1355  E),  showing  that  this  keel  exists  for  the  function  of 
flight,  or  where  the  pectoral  muscles  are  fi-om  any  reason  large,, 
and  not  as  a  class  character  of  aves. 

Among  the  variations  which  the  sternum  undergoes  perhaps 
the  most  curious  is  that  in  the  male  wild  swan  and  gumea  fowl 
(see  Nos.  1248  B,  1249  A,  B,  C),  where  it  wfll  be  seen  to  be  tun- 
nelled extensively,  and  to  contain  a  long  tortuous  trachea  as  well 
as  the  inferior  larynx. 

In  snakes  (Ophidia)  there  is  neither  a  sternum  nor  a  pectoral 
arch  (No.  629),  and  there  is  no  trace  of  a  fore  limb. 

There  is  no  sternum  either  m  ichthyosauria  or  plesiosauria. 
(Nos.  172  an-d222  Palteontological  Series,  Mus.  Eoy.  Coll.  Surg.) 
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THE  EIBS. 
Plate  XXXIX.) 

Number  and  Division — There  are  twelve  ribs  on  each 
side  ;  the  upper  seven,  the  '  sternal,'  or  '  true  ribs,'  increase  in 
length  from  the  first,  and  are  fixed  to  the  sternum  by  their 
cartilages,  and  hence  may  be  called  '  vertebro-sternal '  ribs.  The 
lower  five,  or  'false  ribs,'  decrease  in  lehgth  from  above  down- 
wards, and  their  cartilages  fall  short  of  the  sternum.  The 
eighth,  nmth,  and  tenth  ribs  are  connected  behmd  with  the 
spine  and  in  fr-ont  with  the  costal  cartilages,  and  may  therefore 
be  called  '  vertebro-chondral'  ribs.    The  eleventh  and  twelfth 
are  free  at  their  anterior  ends,  and  are  therefore  called  '  floatmg 
or  '  vertebral  ribs.'    One  sometimes,  though  rarely,  meets  with 
skeletons  with  thirteen  ribs,  the  thii'teenth  being  a  cervical  or 
a  lumbar  rib.     This  is  a  retrocession.    The  chimpanzee  has- 
thfrteen  ribs,  but  the  same  number  of  vertebrte  as  man.  ' 

General  Characters  of  a  Rib.— As  an  example  of  the 
general  characters  of  a  rib,  take  the  fifth  or  sixth.    In  the  first 
place,  observe  that  the  curve  is  not  uniform.    It  is  more  curved 
towards  the  vertebral  end  than  elsewhere.'  Besides  which,  if  laid 
on  a  table,  the  vertebral  end  will  rise.    The  rib  is  twisted,  too^ 
in  its  long  axis  in  such  a  way  that  a  surface  which  looksl 
backwards  and  inwards  at  the  posterior  end  of  the  bone  looks 
forwards,  outwards,  and  slightly  upwards  at  the  anterior  end.  It 
is  plain  in  the  skeleton  that  the  vertebral  ends  of  the  ribs  are 
higher  than  the  sternal  ends.    If  both  ends  had  been  on  the 
same  level,  the  sternum  could  not  have  been  raised  forwards  in 
inspiration. 

Vertebral  End.— The  vertebral  end  or  '  head '  (Plate  XXXIX. 
fig.  3)  has  two  oblique,  slightly  concave  sui-faces  (with  an  interven- 
ing ridge,  to  which  the  interarticular  ligament  is  attached),  which 
articulate  with  the  sides  of  the  bodies  of  two  contiguous  vertebra}. 
The  lower  of  these  two  surfaces  is  always  the  larger.  The  head 
of  the  rib  is  the  fulcrum  upon  which  the  rib  moves.  It  is  wedged 
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Fig.  56. 


BOBSAL  VERTEBBA  WITH  BIBS 
ATTACHED. 


in  between  two  vertebrae,  and  is  less  liable  to  be  dislocated  than 
if  supported  by  one  only  ;  and,  moreover,  it  bas  the  benefit  of  the 
elasticity  of  the  intervening  fibro-cartilage. 

Neck. — Next  to  the  head  comes  the  '  neck '  of  the  rib.  This 
is  flattened  from  before  backwards.   It  is  smooth  in  front,  where 

it  is  covered  by  pleura,  but  rough 
behind,  where  is  attached  a  ligament 
(middle  costo-transverse)  connecting 
it  to  the  transverse  process  by  which 
the  rib  is  supported,  as  seen  in  the 
adjoining  figure  ;  again,  the  neck  has 
a  ridge  along  its  upper  surface  to 
which  is  attached  a  second  ligament 
(superior  costo-transverse) ;  this  con- 
nects it  to  the  transverse  process  above  it. 

Tubercle.— External  to  the  neck  is  the  '  tubercle.'  It  has  a 
little  facet  which  looks  doivnioards,  hachvards,  and  inwards,  and 
articulates  with  the  transverse  process  supporting  the  rib  ;  out- 
side and  above  the  facet  is  the  rougher  part  of  the  tubercle  which 
gives  attachment  to  a  thu-d  hgament  connecting  the  rib  to  the 
transverse  process  (posterior  costo-transverse). 

Angle.— External  to  the  tubercle,  the  rib  makes  a  curve  for- 
wards and  downwards,  forming  the  '  angle.'  Here  there  is  a 
prominent  line—'  the  oblique  hue  '—which  runs  downwards  and 
forwards,  and  indicates  the  attachment  of  muscles,  which  form 
the  outer  border  of  the  'erector  spinte.'  Observe  that  the 
distance  between  the  angle  and  the  tubercle  increases  as  we  trace 
the  ribs  downwards,  and  makes  room  for  the  great  muscle  of  the 
spine  (erector  spinte).  It  is  near  the  angle  that  the  nb  breaks 
when  the  chest  is  compressed— for  instance,  in  a  crowd.  In  this 
kind  of  fracture— i.e.  by  indirect  violence— the  broken  ends 
project  outwards,  and  are  therefore  less  liable  to  injure  the  pleura. 
But  in  direct  violence— e.g.  a  kick  by  a  horse— the  rib  breaks 
where  it  is  struck,  the  broken  ends  are  driven  inwards,  and  con- 
sequently are  more  Hable  to  injure  the  pleura. 

Shaft.- The  part  of  the  rib  arching  forwards  from  the  angle 
along  the  side  of  the  chest  is  called  the  '  shaft.'    It  is  flattened 


THE  RIBS 


269 


both  from  above  downwards,  and  from  without  inwards,  hke  a, 
bow.  Its  outer  surface  is  smooth  and  gives  attachment  to  muscles, 
and  near  the  anterior  end  presents,  in  some  bones,  a  slightly 
marked  oblique  line,  called  the  '  anterior  angle.'  On  its  inner 
surface,  near  the  lower  border,  is  a  deep  groove,  called  the  '  sub- 
costal groove,'  for  the  intercostal  vessels  and  nerve.  Observe, 
the  groove  does  not  extend  the  whole  length  of  the  rib ;  it  begins 
inside  the  angle,  and  is  gradually  lost  about  the  junction  of  the 
anterior  third  with  the  posterior  two-thirds  of  the  shaft.  The 
vessels  and  nerves  are  safe  where  they  lie  in  the  groove ;  but 
between  the  angle  of  the  rib  and  the  spine,  and  again  in  fr'ont  of 
the  chest,  they  are  Uable  to  be  injured  through  the  intercostal 
spaces.  In  consequence  of  this  groove,  the  lower  edge  of  the  rib 
is  much  thinner  than  the  upper,  which  is  thick  and  rounded. 
The  upper  edge  of  the  subcostal  groove  gives  attachment  to 
the  '  internal  intercostal '  and  the  lower  to  the  external  inter- 
costal muscle.  In  the  groove  itself  are  the  orifices  of  the 
numerous  canals,  mostly  directed  towards  the  vertebral  end,  and 
which  transmit  blood-vessels  into  the  interior  of  the  rib.  The  ribs 
are  the  most  vascular  bones  in  the  body  :  hence  the  rapidity 
with  which  they  unite  after  a  fracture. 

ANTEEmR  End. — Eespecting  the  anterior  end,  remark  that 
it  is  rough,  and  a  Httle  excavated  to  receive  the  costal  car- 
tilage. 

Peculiarities  of  certain  Ribs.— The  first,  second,  tenth, 
eleventh,  and  twelfth  ribs  have  pecuHarities  requiruig  separate 
notice. 

First  Bib.— The  plane  of  the  first  rib  is  nearly  horizontal. 
It  is  the  shortest,  the  most  curved,  the  flattest  and  broadest  of 
all.  Its  head  has  a  single  articular  surface  which  rests  on  the 
first  dorsal  vertebra.  It  has  the  largest  tubercle,  and  this  is 
well  supported  by  the  strong  transverse  process  of  the  first  dorsal 
vertebra.  There  is  no  angle.  On  its  upper  surface  we  may  see 
in  a  well-marked  bono  two  slight  transverse  grooves  about  the 
breadth  of  a  finger ;  the  suljclavian  artery  lies  in  the  posterior 
grofn-e  as  it  crosses  the  rib,  tlie  vein  passes  along  the  anterior. 
Against  this  surface  the  subclavian  artery  may  be  effectually 
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compressed.  The  grooves  are  separated  on  the  inner  border  of 
the  rib  by  a  '  tubercle '  denoting  the  insertion  of  the  '  scalenus 
•anticus.'  Behind  this  are  the  rough  surfaces  for  the  insertion  of 
the  '  scalenus  medius,'  and,  near  the  outer  border,  for  the  attach- 
ments of  the  first  digitation  of  the  '  serratus'magnus '  and  the 
first  '  levator  costse '  muscle.  Lastly,  there  is  no  groove  for  the 
intercostal  artery. 

It  is  an  interesting  fact,  that  the  compact  tissue  forming  the 
xoncave  margin  of  the  first  rib  is  very  much  thicker  than  that  on 
the  convex  side.  The  first  rib  is  the  strongest  of  all :  it  has  to 
support  the  manubrium  sterni  and  the  clavicles,  and  to  protect 
all  the  important  parts  at  the  base  of  the  neck.  The  first  rib  is 
very  rarely  fractured,  being  so  well  protected  by  the  clavicle  ; 
but  when  it  does  happen  it  is  a  most  serious  accident,  because 
it  is  the  starting  point  of  all  the  other  ribs  in  respiration,  and 
because  there  are  so  many  important  vessels  and  nerves  in  rela- 
tion with  it. 

Second  Bib. — The  second  rib  has  little  or  no  angle,  no  twist 
-on  its  axis,  and  has,  near  the  middle  of  its  outer  surface,  a  rough 
eminence  for  the  origin  of  the  second  and  third  digitations  of  the 
serratus  magnus.  It  has  a  short  groove  for  the  intercostal  artery. 

Tenth  Rib. — The  tenth  rib  has  a  single  '  facet '  on  the  head, 
for  the  tenth  dorsal  vertebra. 

Eleventh  and  Twelfth  Bibs. — The  eleventh  and  tioelfth  ribs 
being  shorter  and  less  perfectly  developed,  are  chiefly  distin- 
guished by  their  negative  characters.  Bach  articulates  with  only 
one  vertebra,  so  that  the  head  has  only  one  facet,  does  not  touch 
the  transverse  process,  and  has  no  tubercle.  Each  is  tipped  with 
cartilage.  The  eleventh  has  a  trace  of  an  angle  and  a  groove. 
In  the  twelfth,  angle  and  groove  are  imperceptible. 

Ossification —Ossification  in  the  ribs  begins  about  the 
■eighth  week  of  foetal  life.  There  is  one  '  primary  '  centre  for  the 
body,  an  epiphysis  for  the  head,  and  another  for  the  tubercle. 
•There  is  no  epiphysis  for  the  tubercle  in  the  eleventh  and 
twelfth  ribs.  The  epiphyses  appear  from  the  fifteenth  to  the 
eighteenth  year,  and  unite  with  the  rest  of  the  bone  about  the 
age  of  maturity. 
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Costal  Cartllag-es.— Respecting  the  costal  cartilages,  re- 
member that  the  first  seven  are  connected  with  the  sternum. 
The  fii-st  cartilage  is  united  directly  with  the  manubrium.  The 
others,  from  the  second  to  the  seventh  inclusive,  are  articulated 
to  the  sternum  with  the  intervention  of  synovial  membranes. 
The  cartilages  of  the  eighth,  ninth,  and  tenth  ribs  are  gradually 
bevelled  off,  and  each  joins  the  costal  cartilage  immediately 
above  it.  Moreover,  synovial  membranes  exist  between  these 
last-mentioned  ribs.  The  last  two  costal  cartilages  do  not  join 
those  above,  but  merely  cap  the  eleventh  and  twelfth  ribs.  These 
numerous  little  articulations,  connected  with  the  cartilages,  much 
facihtate  the  resph-atory  movements  of  the  thorax. 

The  costal  cartilages  increase  ui  length  and  decrease  in 
breadth  from  the  first  to  the  seventh  ;  below  that  they  decrease 
in  length  as  well  as  in  breadth  from  above  downwards.  The 
first  descends  a  httle  on  its  way  to  the  sternum,  the  second  is 
nearly  horizontal,  the  third  ascends  a  little,  while  the  re- 
mainder, excepting  the  eleventh  and  twelfth,  which  are  short 
and  free,  follow  the  dhection  of  the  ribs  they  belong  to  for  a 
little  way,  and  then  ascend  obliquely  upwards  and  inwards.  Their 
upper  and  lower  borders  are  smooth  and  rounded,  completing 
the  intercostal  spaces  in  front ;  and,  as  the  sixth,  seventh,  eighth, 
and  sometimes  the  ninth  and  tenth,  are  in  contact  with  one 
an  other,  they  present  small  oval  articular  facets.    The  sternal 
extremity  of  the  first  is  joined  directly  to  the  presternum 
without  the  intervention  of  a  synovial  cavity.    The  same  extre- 
mities of  the  second,  third,  fourth,  fifth,  sixth,  and  seventh  are 
slightly  enlarged  and  are  jointed  by  ligaments,  enclosing  synovial 
cavities,  to  the  facets  already  described  as  existing  upon  the  pre- 
sternum, mesosternum,  and  metasternum.    The  anterior  extre- 
mities of  the  eighth,  ninth,  and  tenth  gradually  taper  to  a  point 
as  they  join  their  corresponding  cartilages  above,  while  those  of 
the  eleventh  and  twelfth  are  free  and  pointed.    The  ril)  ends  of 
all  the  cartilages  are  received  into  the  sockets,  supported  by 
the  anterior  extremities  of  the  shafts  of  the  ril)s. 

It  is  quite  common  to  find  the  costal  cartilages  more  or  less 
covered  by  a  sheath  of  true  bony  substance  and  calcified  cartilage. 
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This  process  may  be  found  commencing  in  comparatively  young 
persons  and  is  not  confined  to  old  age.  It  begins  at  the  rib  ends 
of  the  cartilages  and  spreads  inwards  towards  the  sternal  extre- 
mities. However  far  the  process  advances  no  fusion  ever  occurs 
between  the  sheath  of  bone  and  calcified  cartilage  and  the  ster- 
num.   Even  in  the  case  of  the  first  cartilage  this  holds  true. 

The  great  elasticity  of  the  costal  cartilages  answers  two  pur- 
poses. 1.  They  act  as  mechanical  agents  of  expiration  by  depress- 
ing the  ribs  after  they  have  been  raised  by  muscular  action.  2.  A. 
blow  on  the  sternum  is  distributed  over  fourteen  elastic  arches ! 
One  can  understand,  then,  why  the  chest  is  able  to  bear  such  tre- 
mendous blows  with  impunity;  more  especially  during  a  full 
inspiration.  During  expiration  the  bones  are  less  able  to  resist 
injury,  because  the  muscles  are  not  acting.  Notwithstanding 
these  beautiful  provisions,  the  sternum  is  sometimes  broken, 
especially  when  the  cartilages  of  the  ribs  are  ossified. 

Thorax  as  a  whole. — In  addition  to  what  has  been  said  of  the 
thorax  at  p.  261,  attention  should  be  directed  to  one  or  two  points 
which  might  otherwise  be  overlooked.  1.  The  great  narrow- 
ness of  the  upper  opening  of  the  chest.  In  an  adult  of  average 
size,  it  measures  about  2  inches  from  before  backwards,  and  3^ 
mches  transversely.  Yet  in  this  seemingly  narrow  space  there 
is  room  for  the  trachea,  the  oesophagus,  the  great  blood-vessels 
and  nerves  at  the  root  of  the  neck,  besides  the  apex  of  each  lung, 
and  three  muscles  on  each  side.  2.  Notice  how  much  the  ribs 
slope  in  subserviency  to  the  mechanism  of  respiration.  Their 
sternal  and  vertebral  ends  are  not  in  the  same  horizontal  plane ; 
for  instance,  the  sternal  end  of  the  third  rib  is  not  on  a  level 
with  the  third  dorsal  vertebra,  but,  roughly  speaking,  with  the 
sixth.  3.  Notice  how  much  additional  space  is  gained  poste- 
riorly (for  the  lungs)  by  the  backward  projection  of  the  ribs.  4. 
Notice  that  the  lower  marghi  of  the  thorax  is  represented  by  a 
line  sloping  frbm  the  end  of  the  sternum  downwards  and  back- 
wards to  the  last  rib.  5.  Notice  that  the  intercostal  spaces  are 
widest  where  the  ribs  unite  to  their  cartilages,  and '  narrowest 
where  the  ribs  join  the  spine. 

Comparative  Osteology.— It  is  curious  that  the  gorilla  and 
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chimpanzee  have  each  13  pairs  of  ribs.  So  that  man  in  his 
descent  from  his  pretended  ancestors  must  have  lost  a  rib,  for  he 
(like  the  man  of  the  woods,  orang  utan)  has  only  12. 

In  mammalia  the  number  of  ribs  on  each  side  ranges  from 
9  in  the  bottle-nosed  whale  (Hyperoodon,  No.  2892)  to  24  in 
the  two-toed  sloth  (No.  8434).  The  horse  and  tapir  have  18 
pairs  each,  and  the  elephant  19. 

The  ribs  of  the  manatee  (No.  2729)  are  extraordinarily 
thick,  broad,  and  massive. 

In  whales  some  of  the  posterior  ribs  are  attached  only 
to  the  transverse  processes  of  the  vertebrae.  Commonly  in 
mammaJia  about  6  ribs  articulate  with  the  sternum  by  carti- 
lage or  bone,  but  in  whales  the  number  so  attached  is  much 
smaller,  in  the  whalebone  whale  there  being  only  one  pair  of  true 
ribs. 

This  freedom  of  action  allows  the  great  play  of  the  respiratory 
apparatus  in  cetacea. 

Some  animals  have  the  costal  cartilages  ossified,  forming 
sternal  ribs,  as  in  the  giraffe,  crocodile,  ox,  porpoise,  and  dol- 
phin ;  in  many  there  is  an  intermediate  rib,  or  shaft  of  bone,  set 
in  between  the  sternal  and  vertebral  ribs  (see  Nilotic  crocodile, 
No.  717  D,  and  monotremata.  No.  3964). 

The  ril)s  mostly  serve  in  respiratory  movements  and  protec- 
tion of  thoracic  viscera  throughout  the  animal  kingdom.  In 
addition  to  this  the  snakes  use  the  tips  of  them  to  walk  upon, 
and  the  flying  lizard  (Draco  volans.  No.  673)  has  the  5  pos- 
terior ribs  so  recurvated  and  elongated  as  to  form  the  bony 
skeleton  of  the  membranous  sail  by  which  he  supports  himself 
in  his  flight  from  tree  to  tree. 

The  middle  part  of  the  ribs  in  birds  (see  griffin  vulture,  No. 
1674)  presents  a  long  flat  process  which  projects  backwards  and 
rests  on  the  rib  below.    These  are  called  uncinate  processes. 

There  are  no  processes  in  mammalia  corresponding  to  the 
uncinate  processes  in  birds.  They  are,  however,  seen  in  alliga- 
tors and  sphenodon,  &c.  (No.  760  A). 

Sharks  and  rays  have  no  ribs.  What  appear  to  be  ribs  in 
the  Porbeagle  shark  (No.  419  A)  are  simply  the  supports  of  the 
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gills,  as  may  be  understood  by  a  reference  to  the  skeleton  of  the 
cod-fish  (No.  147  A),  which  has  17  pairs  of  ribs. 

Examine  the  great  NUotic  crocodile  (No.  717  D),  and  you  wUl 
see  that  an  anterior  and  a  posterior  bar  forming  the  transverse 
processes  of  the  cervical  vertebrae  correspond  to  the  two  processes 
which  in  the  dorsal  vertebra  support  respectively  the  head  and 
the  tubercle  of  the  rib.  In  its  middle  and  posterior  dorsal 
regions  the  end  of  a  transverse  process  supports  both  the  head 
and  the  tubercle  of  the  rib.  There  will  be  seen  also  what  are 
called  intermediate  ribs,  i.e.  a  piece  of  bone  between  the  end  of 
the  rib  and  the  costal  cartilage  or  sternal  rib.  Some  of  the  ribs 
are  furnished  with  uncinate  processes,  as  in  birds ;  but  this  is 
better  seen  in  the  alligator  (No.  760  A).  Seven  pairs  of  false 
ribs  are  developed  as  superficial  ossifications  of  the  lineee  trans- 
vers£e  in  the  abdominal  wall  (see  also  No.  711  A). 

The  extinct  flying  hzards,  Pterosauria  (No.  119  A),  had  splint- 
like sternal,  as  well  as  abdominal,  ribs. 

'In  Ophidia  (No.  630)  the  ribs  articulate  only  with  the  ends  of 
transverse  processes. 
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ATTACHMENTS  OF  THE  MUSCLES  OF 
THE  BACK. 

(Plates  XLII.-XLVII.) 

In  the  description  of  the  attachments  of  the  muscles  of  the  back 
the  more  superficial  muscles,  connected  with  the  arm,  will  be 
first  considered.  These  removed,  the  great  muscles  of  the  spine, 
which  fill  up  the  vertebral  grooves,  and  keep  the  body  erect,  are 
exposed.  Lastly,  there  is  the  mass  of  muscles  at  the  back  of 
the  neck  attached  to  the  occipital  bone. 


THE    SUPEEEICIAL    MUSCLES    OF    THE  BACK. 

These  are  shown  in  Plate  XLII.  The  most  superficial  is  the 
'trapezius,'  a  triangular  muscle  of  which  the  limits  are  defined  by 
the  continuous  dark  line.  The  other  wide-spreading  superficial 
muscle  is  the  '  latissimus  dorsi.'  Under  the  trapezius  we  have 
the  'rhomboidei'  and  the  '  levator  anguH  scapula,'  shown  in 
Plate  XLIV. 

■  0.  Occiput ;  ligamentum  nuehje  :  spines  of  all  the 
Trapezius       .....        dorsal  vertebrre. 

1.  Spine  of  scapula ;  acromion,  acromial  third  of 
clavicle. 

^0.  Crest  of  the  ilium.    Spines  of  all  the  lumbar, 
sacral,  and  six  lower  dorsal  vertebraa,  crest 
of  ilium,  and  by  digitations  from  the  three 
or  four  lower  ribs. 
U.  Bottom  of  bicipital  groove  of  humerus, 
j  0.  Spines  of  last  cervical  and  five  upper  dorsal 
Bhomboiden8-(major  and  minor)  J  vertebras. 

1 1.  Vertebral  border  of  scapula. 
^0.  Transverse  processes  (posterior  tubercles)  of 
Levator  angnli  scapulro   .       .  j       four  upper  cervical  vertebno. 

( I.  Upper  angle  of  scapula. 
When  the  preceding  muscles  are  removed,  there  still  remain 
the  'serratus  posticus  superior'  and  'inferior.'    These  belon^ 
not  to  the  arm,  but  to  the  ribs.  ^ 
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The  '  intertransversales '  pass  between  the  transverse  pro- 
cesses of  contiguous  vertebrfe,  the  '  interspinales  '  between  the 
spuious  processes  beginning  at  the  axis.  Both  these  sets  are  ill 
developed  and  most  tendinous  in  the  dorsal  region. 

The  '  transverso-spinahs '  is  the  mass  which  fills  up  the  space 
between  the  transverse  and  spinous  processes  of  the  vertebr£e. 
It  arises  irom  transverse,  and  is  inserted  into  spinous  processes. 
Therefore  its  dii-ection  is  obhque.  It  is  composed  of  several 
bundles.  The  more  superficial  pass  over  many  vertebra ;  the 
deeper  over  one  or  two ;  the  deepest  run  from  vertebra  to  vertebra. 
The  '  transverso-spinahs  '  comprises  the  '  semi-spinaHs  dor  si,' 
'  semi-spmaHs  coUi,'  '  multifidus  spinas,'  and  '  rotatores  spinte  ' 
of  systematic  authors,  and  for  the  attachments  of  which  the 
reader  is  referred  to  works  on  myology. 

The  '  levatores  costarum  '  arise  from  the  transverse  processes, 
and  are  inserted  into  the  ribs  below  them. 


MUSCLES    OF    THE    BACK    OF    THE  NECK. 

(Plate  XLV.) 

A  separate  group  is  made  of  these,  because  they  specially 
maintain  the  head  erect,  and  move  the  first  upon  the  second 
vertebra.  The  '  trapezius '  being  reflected,  the  '  splenius  '  is 
exposed,  and  beneath  that  the  '  complexus.' 


Splenins  capitis  et  colli 
Complexus  . 


0.  Spines  of  four  cervical  and  six  dorsal  vertebrffi. 

1.  Mastoid  process  and  occipital  bone  ;  transverse 
processes  of  two  or  three  upper  cervical  ver- 
tebra;. 

0.  Transverse  processes  of  six  dorsal  and  articular 
processes  of  four  cervical  vertebra). 

1.  Occipital  bone. 

The  above  muscles  being  reflected,  we  expose  the  muscles  of 
the  atlas  and  axis ;  namely,  the  '  rectus  capitis  posticus  major  ' 
and  '  minor,'  the  '  obliquus  superior '  and  '  inferior,'  and  the 
'  rectus  capitis  lateralis.' 
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.      ,  0.  Spine  of  the  axis. 
Eectus  capitis  posticus  major  |  ^    Occipital  bone. 

Eectus  capitis  posticus  minor  j      ^P^^^^  °^ 

(  I.  Occipital  bone. 

Eectus  capitis  lateralis       .  \      Transverse  process  of  atlas. 

(  I.  Jugular  eminence  of  occipital  bone. 
Obliquus  superior       .       .  j  0'  Transverse  process  of  atlas. 

(  1.  Occipital  bone. 
Obliquus  inferior.       .       .  j  0.  Spine  of  the  axis. 

(  I.  Transverse  process  of  atlas. 


MUSCLES    IN    PEONT    OF    THE  SPINE. 
(PLiTES  XL VI.,  XLVII.) 

There  are  three  pre-vertebral  muscles  in  the  cervical  region 
namely,  the  '  rectus  capitis  anticus  major '  and  '  minor  '  and  the 
'  longus  colli.'    In  the  lumbar  region  are  the  right  and  left  crura 
of  the  '  diaphragm,'  the  '  psoas  magnus,'  and  occasionally  a 
'  psoas  parvus.' 

/  0.  Transverse  processes  of  third,  fourth,  fifth,  and 
Eeotus  capitis  anticus  major  -j        sixth  cervical  vertebrte. 

Basilar  process.  ■ 


( 0.  Transverse  process  of  atlas. 
iL 


Eeotus  capitis  anticus  minor  |j_  BasUar  process. 

The  '  longus  colli '  consists  of  a  longitudinal  and  two  oUique 
portions.  The  longitudinal  part  arises  from  the  bodies  of  the 
three  upper  dorsal  and  two  lower  cervical  vertebrae,  also  fi-om  the 
transverse  processes  of  the  three  or  four  lower  cervicail,  and  is 
inserted  into  the  bodies  of  the  second,  thu'd,  and  fourth  cervical. 
The  loiuer  oblique  part  arises  from  the  bodies  of  the  upper  dorsal 
vertebrse  and  is  inserted  into  the  transverse  processes  of  the 
fifth  and  sixth  cervical.  The  upper  oblique  part  arises  from  the 
transverse  processes  of  the  third,  fourth,  and  fifth  cervical 
vertebrte,  and  is  inserted  into  the  side  of  the  tubercle  of  the  atlas. 

fO.  Eight  cruB  from"  three  or  four  lumbar  vertebrffi. 


Diaphragm 


Psoas  magnus 


left  from  two  or  three. 
I.  Central  tendon. 

0.  Body  of  last  dorsal,  bodies  and  transverse  pro- 

cesses of  all  the  lumbar  vertebrre. 

1.  Trochanter  minor. 


PLATE  XLV, 


Occipital  bone. 


Inter tra.ns  ver^ales.  ■• 


Ititerspi-nale's 


Superior  articT  facet.. 
12^  Sorsal  verteira 


1"  J.tani) 


erior  tutercle, 
(.Metapophysis.) 
mammiLlaj-y  process. 

Inferior  tuL  ercle 

(Aaa-popliy  si  s.\ 
or  accessory  process. 

Rudiment^  ■bceaxsv'." 

process. 


Metapophysis. 
or  mammiUary  process. 

Ana-pophysis  .or 
a.ccessory  process. 


Fiq.2 
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Psoas  parvus 


0.  Body  of  last  dorsal  vertebra. 

1.  Brim  of  pelvis. 


There  are  three  deep  lateral  muscles  in  the  cervical ;  namely, 
the  '  scalenus  anticus,'  '  scalenus  medius,'  and  the  '  scalenus 
posticus.' 

[  0.  Transverse  processes  of  third,  fourth,  fifth,  and 

sixth  cervical  vertebrro. 
1 1.  Scalene  tubercle  on  first  rib. 
'0.  Transverse  ]processes  of  six  or  seven  cervical 

vertebrffi. 
1 1.  First  rib. 

1 0.  Transverse  processes  of  lower  two  or  three  cer- 
vical vertebrffi. 

1 1.  Second  rib. 


Scalenus  anticus 


Scalenus  medius 


Scalenus  posticus 
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BONES  OF  THE  UPPER  EXTREMITY. 

Component  Bones. — The  bones  of  the  upper  extremity  con- 
sist of  the  '  clavicle,'  the  '  scapula,'  the  '  humerus,'  the  two  bones 
of  the  fore-arm,  namely,  the  '  radius  '  and  the  '  uhia,'  the  bones 
of  the  carpus,  the  metacarpus,  and  the  phalanges  of  the  fingers. 
The  clavicles  and  scapulae  form  the  '  shoulder  girdle  '  or  '  pectoral 
arch,'  The  length  of  the  arm  should  be  in  exact  proportion  to 
the  height  of  the  individual.  If  the  arms  are  fully  stretched  in 
the  same  horizontal  liae,  the  space  from  the  end  of  the  middle 
finger  of  one  hand  to  that  of  the  other  is  about  equal  to  the 
length  of  the  body. 


THE  CLAVICLE. 
(Plates  XLVIII.,  XLIX.) 

Position  and  Use. — The  clavicle,  or  collar  bone,  so  named 
from  its  resemblance  to  an  ancient  key,  extends  nearly  horizon- 
tally from  the  upper  part  of  the  sternum  to  the  scapula.  It 
keeps  the  shoulders  wide  apart,  giving  the  arm  a  freer  range  of 
motion ;  affords  attachment  to  powerful  muscles ;  and  protects  the 
axUlary  vessels  and  nerves.    By  moving  the  shoulder,  you  find 
that  the  clavicle  acts  as  a  prop,  the  fixed  end  of  the  prop  being 
at  the  sternal  joint.    Hence,  in  fractures  of  the  clavicle,  the 
shoulder  generally  falls  a  little  forwards.    The  patient  leans  his 
head  towards  the  injured  arm  so  as  to  relax  the  muscles,  and 
supports  the  elbow  in  his  hand. 

Advantag-e  of  its  Curves. — The  shape  of  the  clavicle  is 
like  an  italic  S.    It  has  two  curves,  arranged  so  that,  when  viewed 
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from  the  front,  the  inner  half  is  convex,  and  the  outer  half 
concave.  The  inner  curve  is  the  larger  of  the  two.  The  great 
vessels  and  nerves  of  the  arm  pass  under  it.  About  the  junction 
of  the  two  curves  the  hone  is  most  frequently  broken.  These 
curves  not  only  make  the  bone  stronger  than  if  it  were  straight, 
but  better  able  to  resist  shocks ;  since,  by  virtue  of  its  elasticity, 
the  force  is  partially  broken  at  each  of  the  curves.  .The  strength 
and  degi-ee  of  curvatm-e  vary  considerably  in  different  bones. 
They  are  usually  greater  in  men  than  m  women,  and  most 
marked  in  those  persons  who  do  much  manual  labour. 

Shaft — The  shaft  is  divided  mto  an  outer  third  '  flat,'  or 
'acromial  portion,'  and  an  inner  two-thirds,  'prismatic'  or 
*  sternal  portion.' 

Flat  Portion. — The  flat  portion  presents  an  anterior  harder, 
which  is  concave  from  side  to  side,  narrow  from  above  downwards, 
and  rough  for  the  attachment  of  the  '  deltoid,'  and  a  posterior  bor- 
der, which  is  more  a  surface  than  a  border,  convex  from  side 
to  side,  and  rough  for  the  attachment  of  the  '  trapezius.'  The 
superior  surface  is  rough  anteriorly  and  posteriorly  for  the  attach- 
ment of  the  '  deltoid '  and  trapezius  respectively.  The  inferior 
surface  presents  at  its  posterior  and  internal  extremity  a  rough 
tubercle—'  conoid  tubercle  '—for  the  attachment  of  the  '  conoid 
hgament,'  and,  running  forwards  and  outwards  from  that,  a  broad 
ridge— ' oblique  luie' — for  the  attachment  of  the  'trapezoid 
ligament.'  Here  fractures  of  the  bone  are  likely  to  escape 
notice,  in  consequence  of  the  ligaments  preventing  the  separa- 
tion of  the  fractured  ends.  Both  surfaces  are  marked  by  a 
number  of  small  nutrient  foramina. 

Sternal  Portion. — The  sternal  or  prismatic  jjortion  is  tri- 
angular on  cross  section.  It  presents  for  examination  superior, 
anterior,  and  posterior  borders,  enclosing  anterior,  posterior,  and 
inferifrr  surfaces. 

The  superior  border  runs  from  the  superior  angle  of  the 
sternal  end  outwards  to  become  continuous  with  the  upper  lip  of 
the  posterior  border  of  the  flat  portion.  It  is  rough  internally 
for  the  attachment  of  the  '  sterno-mastoid.'  The  anterior  border 
begins  internally  at  the  anterior  angle  of  the  sternal  end  and 
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runs  outwards  to  become  continuous  with  the  anterior  border  of 
the  flat  portion.  Its  inner  three-fourths  are  rough  and  form 
the  lower  hmit  of  the  space  for  the  attachment  of  the  'pectoralis 
major.'  Its  outer  fourth  is  smooth  and  forms  the  base  of  a  triangle 
whose  other  sides  are  made,  in  the  recent  state,  by  the  '  pectorahs 
major '  and  the  '  deltoid,'  and  through  which  in  the  living  body 
the  apex  of  the  '  coracoid  process '  may  be  felt.  The  posterior 
border  commences  at  the  posterior  angle  of  the  sternal  and  runs 
outwards  to  join  the  lower  lip  of  the  posterior  border  of  the  flat 
portion.  Its  inner  thu'd  is  rough  and  forms  the  posterior 
boundary  of  the  facet  for  the  '  rhomboid  ligament.'  Its  middle 
part  is  smooth  and  rounded ;  the  outer  third  becomes  more 
prominent. 

The  anterior  surface  lies  between  the  superior  and  anterior 
borders.  It  pomts  forwards  at  its  inner  end,  forwards  and 
upwards  at  its  outer  end.  Internally  it  presents  a  few  small 
eminences  near  the  upper  border  for  the  attachment  of  the 
sterno-mastoid,  and  below  a  large,  oval,  flattened,  and  rough 
space  for  the  attachment  of  the  '  pectoralis  major.'  Externally  it 
is  smooth  and  rounded.  The  posterior  surface  is  concave  back- 
wards, looks  backwards,  upwards,  and  outwards  at  its  inner  end, 
backwards,  downwards,  and  inwards  at  its  outer  end.  It  is 
smooth  throughout.  Near  its  middle  and  close  to  the  j)osterior 
border  is  situated  the  large  nutrient  foramen,  and  internally  the 
surface  is  slightly  rough  for  the  attachment  of  the  '  sterno-hyoid.' 
The  inferior  surface  presents  at  its  inner  end  a  large  rough  depres- 
sion— '  rhomboid  depression ' — for  the  attachment  of  a  ligament  of 
the  same  name,  and  usually  a  little  in  front  and  internal  to  that 
a  small  articular  facet  for  articulation  with  the  cartilage  of  the 
first  rib.  The  rest  of  the  surface  is  marked  by  a  groove,  wider 
externally  than  internally,  for  the  insertion  of  the  '  subclavius.' 

Sternal  End. — The  sternal  end  of  the  clavicle  is  thick,  strong, 
and  expanded.  It  is  triangular  in  shape,  presenting  a  superior, 
an  anterior,  and  a  posterior  angle— the  posterior  being  the 
most  prominent  of  the  three.  Its  upper  part  is  uou-articular 
and  rough  for  the  attachment  of  the  interarticular  fibro-carti- 
lage.    Its  lower  part  is  uneven  and  articulates,  through  the 
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mecliiim  of  the  interarticular  fibro-cartilage,  with  the  sternum. 
In  the  recent  state,  when  crusted  with  cartilage,  the  articular 
surface  is  slightly  convex  from  above  downwards,  and  concave 
from  before  backwards;  and,  moreover,  its  circumference  projects 
on  all  sides  considerably  beyond  the  articular  surface  of  the 
sternum,  to  which  it  is  so  firmly  attached  by  its  ligaments  that 
dislocation  is  very  rare,  notwithstanding  the  small  size  of  the 
ai-ticular  sm-face  of  the  sternum.  A  fracture  of  the  clavicle  is 
much  more  common  than  a  dislocation  of  its  sternal  end. 

Acromial  End. — The  acromial  end  presents  an  oval  articular 
facet  slightly  concave  from  above  downwards  and  slightly  convex 
in  the  opposite  du-ection,  to  articulate  with  a  correspondmg  facet 
on  the  acromion.  The  plane  of  the  surface  is  oblique,  so  that  the 
upper  edge  projects  farther  out  from  the  bone  than  the  lower,  and 
the  general  direction  of  the  whole  surface  is  forwards,  outwards, 
and  a  httle  downwards.  The  projection  of  the  upper  border,  and 
its  thereby  overhanging  the  upper  border  of  the  acromial  facet,  pre- 
vents the  natural  tendency  to  displacement  upwards  of  the  scapula 
from  the  clavicle  m  all  shocks  transmitted  to  the  scapula  from 
below,  and  the  hoUowmg  out  of  the  articular  facet  in  its  different 
axes  allows  of  the  inwards  and  outwards,  and  forwards  and  back- 
wards hmge-hke  motions,  which  take  place  at  the  acromio-clavi- 
cular  joint.  The  plane  of  the  articulation  is  such  that  it  is  very 
difficult  to  keep  the  clavicle  in  its  proper  place  after  a  dislocation. 

Like  all  the  long  bones,  its  structure  is  spongy  at  the  extre- 
mities, but  very  compact  in  the  middle  of  the  shaft,  where  there  is. 
a  small,  irregular  medullary  cavity.  The  compact  wall  is  much 
thicker  on  the  concave  side  of  each  of  its  curves  than  else- 
where. 

Connections — The  clavicle  articulates  with  the  acromion 
process  of  the  scapula,  and  with  the  top  of  the  sternum. 

Ossification.— The  clavicle  begins  to  ossify  about  the  sixth 
week  of  fcetal  life,  that  is,  sooner  than  any  other  bone  in  the 
body.  Its  ossification  begins  before  the  appearance  of  cartilage 
in  connection  with  it,  and  it  goes  on  ossifying  afterwards  both  in 
cartilage  and  in  fibrous  tissue.  It  has  only  one  centre  of  ossifi- 
cation for  the  shaft.    The  sternal  end  has  an  epiphysis  which 
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makes  its  appearance  from  the  eighteenth  to  the  twentieth  year, 
and  subsequently  coalesces  -with  the  shaft. 

Comparative  Osteolog-y. — All  Primates  have  clavicles  to 
which  they  owe  the  breadth  of  their  shoulders.  In  the  Carni- 
Tora  the  clavicles  do  not  articulate  with  any  bone,  but  are  simply 
suspended  in  the  muscles,  and  are  always  more  or  less  rudimentary 
or  absent  (see  Felis  leo.  No.  304).    Bears  seldom  have  clavicles. 

There  is  no  clavicle  in  the  elephant  (No.  2241),  or  Hyrax 
capensis  (No.  2231).  The  three  sub-orders  of  Ungulata  have  no 
clavicles,  i.e.  Paehydermata,Kuminantia,  SoHdungula,  as  the  horse 
and  ox.    The  same  is  true  of  all  Cetacea,  Su-enia,  and  Crocodilia. 

The  majority  of  birds  have  clavicles  the  strength  of  which  bears 
a  direct  relation  to  the  power  of  the  fore-hmb.  They  are  early 
anchylosed  together  in  the  middle  line,  and  form  a  single  bone 
called  the  furculum  or  merrythought.  The  chief  action  of  this 
elastic  arch  of  bone  would  appear  to  be  to  counteract  the  great 
pectoral  muscles,  which  tend  to  j)ress  the  humeri  inwards  during 
the  downward  stroke  of  the  wing.  The  apteryx  and  some  parrots 
have  no  clavicles. 


THE  SCAPULA. 
(Plates  XLVIII.,  XLIX.) 

Position  and  Use. — The  scapula,  or  shoulder-blade,  is  placed 
at  the  back  of  the  chest.  When  the  arm  hangs  loosely  by  the  side, 
the  scapula  ought  to  extend  from  the  upper  edge  of  the  second  rib 
to  about  the  lower  edge  of  the  seventh,  and  the  lower  angle  should 
be  a  little  farther  from  the  spine  than  the  upper.    The  inferior 
angle  of  the  scapula  is  a  good  guide  to  the  seventh  rib.  During 
Hfe  this  angle  is  held  down  by  the  upper  border  of  the  '  latis- 
simus  dor  si,'  and  sometimes  gives  origin  to  some  of  its  fibres. 
In  emaciated  persons  the  yielding  of  this  muscle  allows  the  lower 
end  of  the  scapula  to  project  very  perceptibly.    The  middle  of 
the  articular  surface  for  the  humerus  is  situated  opposite  the 
lower  edge  of  the  body  of  the  fourth  dorsal  vertebra,  wheu  the 
arm  is  parallel  with  the  side  of  the  chest. 
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The  scapula  acts  as  a  movable  fulcrum  in  the  motions  of  the 
arm,  and  gives  extensive  attachment  to  the  muscles  which  effect 
the  movement.  It  is  a  flat  triangular  bone,  and  so  thin  in  places 
as  to  be  translucent. 

The  scapula  presents  for  examination  a  head,  a  neck,  and  a 
body  or  ala,  also  outstanding  processes — the  spine,  the  acromion, 
and  the  coracoid.  <uju>.u^'^  < 

Head — The  head  is  the  truncated  external  angle  of  the  bone 
supporting  the  '  glenoid  cavity  '  for  articulation  with  the  head  of  y/\ 
the  humerus.  This  cavity  is  oval  or  pyriform  in  shape,  broader 
below  than  above,  shallow,  smooth,  and  articular,  and  directed 
outwards,  forwards,  and  a  little  upwards.  The  most  prominent 
part  of  its  cheumference  is  the  lower  and  inner  portion.  This 
rising  up  of  the  edge  below  and  mside  counteracts  the  natural 
tendency  of  the  head  of  the  humerus  to  slip  inwards,  pulled, 
as  it  is,  by  the  strong  muscles  dragging  it  in  that  direction. 
Below  the  top  of  the  cavity,  and  on  its  inner  edge,  we  notice  a 
notch,  or  small  concavity,  for  the  lodgment  of  some  large  fringes 
of  the  synovial  membrane.  In  some  bones  we  notice  a  similar 
notch  on  the  corresponding  part  of  the  outer  edge.  The  margin 
of  the  articular  sm-face  is  rough  and  gives  attachment  to  the 
'  glenoid  hgament.'  At  the  upper  end  it  broadens  out  and  gives 
origin  to  the  long  tendon  of  the  *  biceps '  muscle.  The  surface  of 
bone  immediately  inside  the  edge  of  the '  glenoid  cavity,'  and  which 
we  may  call  the  circumference  of  the  head,  is  rough  and  uneven, 
and  gives  attachment  to  the  capsular  ligament  of  the  shoulder 
joint.  In  it,  as  it  merges  into  the  neck,  we  notice  a  number  of 
nutrient  foramina,  especially  on  its  anterior  and  posterior  aspects. 
We  shall  see  that  the  centre  of  the'head  of  the  scapula  is  situated 
structurally  at  the  strongest  part  of  the  whole  bone. 

V eck — The  neck  is  the  slightly  constricted  part  of  bone  which 
joins  the  head  to  the  body.  It  is  flattened  from  before  back- 
wards, and  is  thicker  externally  than  internally,  where  it  fades  off 
into  the  adjacent  ala.  Its  anierior  surface  is  smooth,  externally 
is  marked  by  a  number  of  large  nutrient  foramina,  and  in- 
ternally is  continuous  with  the  anterior  surface  of  the  body  of 
the  bone.    The  '  subscapularis  '  overlies  this  part  of  the  neck,  a 
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bursa  intervening  between  the  two.  The  posterior  surjace 'ia 
deeply  concave  from  within  outwards,  and  sUghtly  convex  i'r&m 
above  downwards.  It  forms  a  direct  communication  between 
the  '  supra-'  and  '  infra-spinous  fossae.'  The  loiuer  border  is  the 
somewhat  expanded  upper  end  of  the  axillary  border  of  the  ala. 
It  is  rough  for  the  origin  of  some  fibres  of  the  long  head  of  the 
'  triceps.'  The  superior  border  supports  in  its  whole  length  the 
root  of  the  ascending  part  of  the  coracoid  process. 

Body — This  part  of  the  bone  is,  as  it  were,  the  expanded 
neck.  It  presents  for  examination  an  anterior  surface  or  venter 
or  subscapular  surface,  a  posterior  surface  or  '  dorsum  scapidce,'  a 
superior  border,  an  internal  or  vertebral  border,  and  an  external, 
axillary,  inferior  or  subscapular  border. 

The  anteiior  surface,  looked  at  generally,  is  hoUowed  both 
vertically  and  transversely.    It  is  usually  marked  by  five  con- 
vexities separating  four  concavities  converging  from  the  vertebral 
border  to  the  front  of  the  neck.     The  first  concavity,  tracing 
from  above  downwards,  forms  a  deep  groove  and  is  situated 
opposite  the  origin  of  the  '  spine  '  from  the  dorsum.   It  is  known 
by  the  name  of  the  '  subscapular  angle '  of  the  scapula.  The 
other  concavities  are  not  so  well  marked.    At  the  convergence 
and  meeting  of  the  first  and  second  concavity  the  surface  is 
deeply  concave  and  is  marked  by  a  large  medullary  foramen. 
On  the  summits  of  the  second,  third,  and  fourth  convexities  we 
notice  rough  ridges  for  the  attachment  of' '  intermuscular  septfe  ' 
in  the  '  subscapularis '  muscle.    The  ridges  are  sometimes  cahed 
the  *  costffi '  of  the  scapula,  and  the  hollows  between  them  were 
mistaken,  even  by  the  great  anatomist  Vesalius,  for  the  impres- 
sions of  the  ribs.    On  the  anterior  surface  also  observe  a  rough 
space  near  the  upper  angle,  and  a  still  larger  and  rougher  space 
near  the  lower  angle,  and  a  very  narrow  tract  along  the  internal 
border  for  the  insertion  of  the  '  serratus  magnus.'  Omitting 
all  the  part  for  the  '  serratus  magnus,'  the  anterior  surface  gives 
origin  in  its  inner  three-fourths  to  the  '  subscapularis '  muscle, 
and  goes  by  the  name  of  the  '  subscapular  fossa.'    The  posterior 
surface  ('  dorsum  scapulas ')  in  its  general  aspect  is  convex  from 
above  downwards.    The  spinous  process,  rising  from  about  the 
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junction  of  its  upper  fourth  with  its  lower  three-fourths,  divides  it 
into  two  unequal  parts — the '  supra- '  and '  infra-spinous '  surfaces. 
The  upper  part  is  smooth,  triangular,  and  somewhat  concave  in 
all  directions.  It  is  continuous  with  the  upper  surface  of  the 
spine  and  forms  the  large  part  of  the  '  supra-spinous  fossa.'  To 
its  inner  two-thu'ds  the  '  supra-spinatus '  muscle  is  attached. 
The  part  below  the  spine  forms  about  three-fourths  of  the  dor- 
sum scapulfe  and  the  greater  part  of  the  '  infra-spinous  fossa.' 
Tracing  it  fi-om  within  outwards,  it  presents  first  a  concavity, 
nest  a  convexity,  next  a  concavity,  and  lastly  a  rounded  border 
which  in  its  lower  third  becomes  a  flattened  surface  for  the 
origin  of  the  '  teres  major  '  muscle.  The  rounded  border  gives 
origin  to  the  '  teres  minor,'  and  is  separated  from  the  flattened 
sui-face  by  the  oblique  line  running  downwards  and  inwards  for 
the  attachment  of  the  intermuscular  septum  between  the  '  teres 
major  '  and  '  minor '  muscles.  In  the  rounded  border,  at  about 
the  junction  of  the  upper  fom'th  with  the  lower  three-fourths,  we 
notice  two  or  more  transverse  grooves  for  the  passage  of  branches 
of  the  '  dorsaKs  scapulae '  artery.  The  '  infra-spinatus  '  muscle 
arises  from  the  inner  two-thirds  of  the  rest  of  the  infra-spinous 
surface.  The  posterior  surface  of  the  neck  of  the  bone  forms  a 
communication  between  the  '  supra-'  and  '  infra-spinous '  surfaces, 
arid  in  each  surface,  near  the  root,  the  spme,  we  notice  one 
or  two  large  nutrient  foramina. 

Of  the  three  borders  the  superior  is  the  shortest  and  thinnest. 
It  is  concave  in  its  long  axis  and  shghtly  rough.  At  its  outer 
end  it  shows  the '  supra-scapular  notch,'  which  in  its  recent  state 
is  bridged  over  by  a  ligament  and  gives  passage  to  the  supra- 
scapular nerve.  In  some  cases  it  is  bridged  over  by  a  process  of 
bone  or  by  an  arch  formed  partly  by  bone  and  partly  by  liga- 
ment. Between  the  notch  and  the  superior  angle  the  border 
gives  attachment  to  the  '  omohyoid.'  The  internal  or  vertebral 
border  is  always  the  longest  in  man,  and  is  therefore  called  the 
'  base'  of  the  scapula.  In  the  lower  animals  it  is  generally  the 
shortest.  It  is  rough  throughout,  and  thicker  above  and  below 
than  in  the  middle.  Where  the  spine  rises  from  it,  it  is  rather 
suddenly  bent  backwards,  forming  an  obtuse  angle,  the  inner  end 
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of  the  '  subscapular  angle,'  already  described  as  existing  on  the 
venter  of  the  bone.    Opposite  a  triangular  space  at  the  root  of  the 
spine  the  border  gives  attachment  to  the  '  rhomboideus  minor,' 
above  it  to  the  '  levator  anguli  scapute,'  and  below  it  to  the  '  rhom'- 
boideus  major.'    The  border,  in  the  whole  length  of  its  ventral 
aspect,  affords  insertion  to  the  '  serratus  magnus.'    The  external 
or  axillary  border  is  rough  and  rather  sharp  in  its  lower  third, 
where  it  gives  origin  to  the  '  teres  major.'  In  its  upper  two-thirds 
it  spreads  out  into  a  surface,  widening  towards  the  under  surface  of 
the  neck  of  the  bone.    This  surface  presents  the  appearance  of  a 
groove  looking  forwards  and  outwards.    It  is  bounded  posteriorly 
and  externally  by  a  prominent  lip  which  gives  attachment 
dorsally,  in  its  whole  length,  to  the  '  teres  minor.'    About  the 
junction  of  the  upper  and  middle  thirds  the  lip  is  interrupted  by 
one  or  more  grooves  for  the  dorsaHs  scapula3  artery.    At  the 
upper  end  the  border  forms  a  rough  ridge  continuous  with  the 
rough  under  surface  of  the  neck,  and  affords  attachment  to 
the  '  long  head  of  the  triceps.'    The  surface  of  bone  for  the 
attachment  of  the  long  head  of  the  '  triceps  '  is  sometimes  spoken 
of  as  the  '  infra-glenoid  process,'  and  the  corresponding  part  above 
the  glenoid  cavity  giving  origin  to  the  long  head  of  the  biceps 
is  sometimes  called  the  '  supra-glenoid  process.'    The  inner  lip  of 
the  groove  is  smooth  and  rounded,  and  in  well-marked  bones  shows 
a  shallow  transverse  depression  about  its  middle  for  the  passage 
of  the  '  ventral  branch  of  the  dorsalis  scapulte  artery.'    The  inner 
lip  and  the  bottom  of  the  groove  give  origin  in  their  whole  extent 
to  the  '  subscapularis  '  muscle. 

Of  the  angles  of  the  body  of  the  bone  the  external  has  been 
already  described  as  forming  the  head  of  the  bone.  The  inferior 
is  the  thickest,  and,  if  the  sides  forming  it  were  prolonged,  the 
most  acute.  Posteriorly  it  gives  origin  to  the  '  teres  major,'  occa- 
sionally to  a  few  fibres  of  the  '  latissimus  dorsi,'  and  anteriorly 
to  the  '  serratus  magnus.'  The  sujMrior  angle  is  the  thinnest, 
forms  somewhat  less  than  a  right  angle,  and  gives  attachment 
to  the  '  levator  anguli  scapulas.' 

Spine. — This  process  can  be  i)lainly  felt  in  the  living  subject, 
as  it  rises  into  a  high  crest,  which  runs  towards  the  neck  of  the 
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scapula,  where  it  stands  out  from  the  rest  of  the  bone,  and 
suddenly  altering  its  direction  at  a  right  angle,  projects  forwards 
so  as  to  form  a  lofty  arch  overhanging  the  '  glenoid  cavity.' 
This  arch  is  termed  the  '  acromion  '  {aKpos,  &fjbos) .  It  protects 
the  shoulder  joint  and  gives  great  leverage  to  the  powerful 
'  deltoid '  which  raises  the  arm.  It  is  not  only  a  defence,  but 
prevents  luxation  upwards  :  without  this  the  head  of  the  humerus 
would  not  remain  a  moment  in  its  socket.  It  is  this  process 
which  gives  breadth  to  the  shoulder.  On  the  inner  border  of 
the  acromion  is  the  surface  which  articulates  with  the  clavicle ; 
this  surface  slants  from  above  inwards,  so  that  the  clavicle, 
once  dislocated,  is  with  difficulty  kept  in  its  place.  The  end  of 
the  acromion  gives  attachment  to  the  cor aco- acromial  ligament, 
which  bridges  over  the  gap  left  in  the  bone  between  it  and  the 
coracoid  process,  and  thus  completes  the  arch  for  the  shoulder. 
Through  this  coraco-acromial  ligament  we  pass  the  point  of  the 
knife,  in  excising  the  head  of  the  humerus,  and  thus  reach  the 
shoulder  joint  in  a  moment. 

Sprsous  Pbocess. — This  is  a  triangular  plate  of  bone  rising , 
backwards  and  shghtly  upwards  from  the  posterior  surface  . 
of  the  body  at  about  the  junction  of  its  upper  fourth  with  its 
lower  three-fourths.  It  presents  an  lopper  and  lower  surface  with 
anterior,  jJosterior,  and  external  borders.  The  upper  surface  is 
smooth  and  hollowed  in  every  direction,  contributes  to  form  the 
supraspinous  fossa,  and  gives  attachment  to  the  '  supraspinatus  ' 
muscle.  The  inferior  surface  presents  similar  appearances,  and 
affords  origin  to  the  '  infra-spinatus  '  muscle.  The  anterior 
border  is  continuous  with  the  body  of  the  bone.  The  ijosterior 
seems  more  a  surface  than  a  border.  Tracing  it  from  within 
outwards,  we  notice,  first,  a  smooth  triangular  surface  over  which 
the  '  trapezius  '  glides,  next  a  rough  constriction,  next  a  widened 
rough  part  with  a  prominent  tubercle  on  it  (sometimes  called 
the  '  deltoid  tubercle '),  then  a  narrowed  rough  part,  and  finally 
a  widened  rough  jxjrtion  continuous  with  the  superior  surface 
of  the  acromion  process.  The  upper  lip  of  the  posterior  border 
gives  insertion  to  the  '  trapezius.'  The  lower  lip  affords  origin 
to  the  '  deltoid,'  in  its  whole  extent,  excepting  the  lower  margin 

u 


290 


THE  SCAPULA 


of  the  triangular  space  at  the  inner  extremity  of  the  posterior 
border,  which  margin  aiforcls  insertion  to  the  lowest  fibres  of 
the  '  trapezius.'  The  surface  between  the  hps  gives  attachment 
to  the  interlacing  fibres  of  the  muscles.  The  external  border 
is  continuous  above  and  behind  with  the  inferior  surface  of 
the  acromion  process,  and  below  and  in  front  with  the  posterior 
surface  of  the  neck  of  the  bone.  It  is  smooth,  convex  from 
above  downwards,  and  concave  from  behmd  and  above  down- 
wards and  forwards.  The  posterior  border  of  the  spine  can  be 
plainly  felt  in  the  living  subject  as  a  crest  running  upwards  and 
outwards  from  the  vertebral  border  towards  the  back  of  the 
shoulder  joint,  where  it  becomes  continuous  at  an  obtuse  angle 
with  the  subcutaneous  upper  surface  of  the  acromion. 

AcEOMioN  Peocess.- — This  process  we  may  describe  as  a 
continuation  and  flattening  out  of  the  posterior  border  of  the 
spine.  Its  plane  is  therefore  at  right  angles  to  that  of  the  spine. 
In  its  long  axis,  it  runs  at  first  outwards  and  upwards  in  the  same 
direction  as  the  posterior  border  of  the  spine.  It  then  turns 
somewhat  suddenly  forwards,  upwards,  and  outwards,  to  terminate 
in  a  flattened  point,  joined  to  the  coracoid  process  by  a  Uga- 
mentous  band.  The  acromion  and  coracoid  processes,  with  the 
ligamentous  band  between  them,  form  a  bony  and  ligamentous 
arch  overhanging  the  head  of  the  humerus  as  it  plays  in  the 
glenoid  cavity  of  the  scapula.  We  describe  the  process  as 
possessing  superior  and  inferior  surfaces  with  internal  and  ex- 
ternal borders  and  an  anterior  extremity  or  tip.  The  superior 
surface  looks  as  much  backwards  as  upwards.  It  is  continuous 
with  the  posterior  surface  of  the  spine  and  is  widest  about  the 
junction  of  its  inner  third  with  its  outer  two-thirds.  It  is  marked 
by  a  number  of  nutrient  foramina,'  and  is  especially  rough  in  the 
neighbourhood  of  the  internal  border,  where  it  gives  msertion  to 
the  '  trapezius,'  and  of  the  external  border,  where  it  gives  origm 
to  the  '  deltoid.'  The  intervening  space  between  these  rough- 
nesses gives  attachment  to  the  interlacing  fibres  of  the  muscles. 
The  inferior  surface  is  smooth  and  slightly  coiicave  in  its  mner 
half,  rough  and  marked  by  a  number  of  nutrient  foramina  in 
its  outer  half.    It  looks  forwards  as  well  as  downwards.  The 
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internal  border  is  concave  in  its  long  axis.  Its  inner  two-thirds 
shows  an  imj)ression  for  the  insertion  of  the  uppermost  fibres  of 
the  '  trapezius.'  Its  outer  thkd  presents  an  oval  articular  facet 
directed  upwards  and  inwards  for  articulation  with  the  corre- 
sponding surface  of  the  clavicle.  This  facet  shows  reverse 
appearances  to  those  abeady  described  as  belonging  to  the  arti- 
cular facet  on  the  outer  end  of  the  flat  part  of  the  clavicle,  i.e.  it 
is  sHghtly  concave  from  before  backwards  and  convex  from  above 
downwards  to  allow  of  the  double  hinge  motion  existing  at  the 
acromio-cla^dcular  joint.  The  external  border  is  rough  throughout 
for  the  origm  of  the  middle  fibres  of  the  '  deltoid.'  It  presents 
at  the  junction  of  its  inner  thu-d  and  its  outer  two-thu'ds  a  pro- 
minent angle  looking  downwards,  backwards,  and  outwards.  This, 
angle  is  cahed  the  '  tip  of  the  shoulder,'  and  is  an  important 
landmark  in  the  hving  body,  as  from  it  we  measure  the  relative 
lengths  of  the  arms.  The  apex  of  the  acromion  is  rough,  pomts 
slightly  downwards  as  well  as  forwards,  and  gives  attachment  to 
the  coraco-acromial  ligament. 

Coracoid  Process — From  the  upper  border  of  the  neck  of 
the  scapula  stands  off  a  projection  termed  the  '  coracoid  process,' 
from  its  fancied  resemblance  to  the  beak  of  a  raven  (Kopa^).. 
Arising  fi-om  a  very  broad  base,  it  takes  first  a  dii-ection  upwards^ 
forwards,  and  inwards,  but  soon  curves  forwards  and  outwards 
towards  the  acromion,  like  a  half-bent  finger,  and  overhangs  the 
glenoid  ca\dty  on  the  inner  side.    Its  apex  is  about  one  inch  and 
a  half  from  the  point  of  the  acromion,  and  on  a  lower  plane.  It 
is  necessary  to  be  famihar  with  the  du-ection  of  these  points  of 
bone,  and  then-  accurate  bearing  to  the  glenoid  cavity  and  to  each 
other,  since  they  serve  as  landmarks  in  determming  the  nature 
of  obscure  injuries  about  the  shoulder.  Into  the  front  part  of  the 
coracoid  process  is  inserted  the  tendon  of  the  'pectoraHs  mmor,' 
and  from  the  '  apex '  arises  the  common  tendon  of  the  '  coraco- 
brachialis,'  and  the  '  short  head  of  the  biceps.'   At  the  upper  part 
of  the  root  of  the  process  is  a  rough  surface  for  the  attachment 
of  the  *  coraco-clavicular'  ('  conoid  '  and  'trapezoid  ')  ligaments 
which  bind  down  the  clavicle;  and  the  border  next  to  the  acromion 
gives  attachment  to  the  '  coraco-acromial  ligament,'  which  extends 
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across  the  interval  between  the  coracoid  and  acromion,  and  com- 
pletes the  arch  over  the  shoulder  joint. 

The  process  is  conveniently  divided  into  a  vertical  and  a 
horizontal  portion.  The  vertical  part  is  flattened  from  before 
backwards.  Its  anterior  and  posterior  surfaces  are  smooth, 
continuous  with  the  anterior  and  posterior  surfaces  of  the  neck 
of  the  bone,  below,  and  with  the  inferior  and  superior  surfaces 
of  the  horizontal  portion,  above.  The  external  border  is  rounded 
and  sHghtly  rough,  affording  attachment  to  the  coraco-humeral 
ligament,  while  the  internal  border  is  smooth  and  narrow,  forming 
the  outer  side  of  the  suprascapular  notch  below  and  givmg 
attachment  to  the  suprascapular  ligament  above.  The  hori- 
zontal portion  presents  a  superior  surface  twisted  in  its  long  axis 
in  such  a  way  that  while  it  looks  upwards,  inwards,  and  a  little 
forwards  at  its  inner  end  it  looks  slightly  upwards  and  inwards 
and  mostly  forwards  at  its  outer  end.  At  the  inner  extremity 
of  this  surface  there  is  a  rough  eminence  called  the  '  conoid 
tubercle,'  because  it  gives  attachment  to  the  '  conoid  '  ligament. 
Leading  forwards  and  outwards  from  this  is  a  low  rough  ridge, 
joining  the  anterior  border  about  half  an  inch  inside  the  point 
of  the  process.  The  ridge  is  called  the  '  obhque  ridge  '  and 
attaches  the  '  trapezoid  '  Ugament.  The  anterior  and  posterior 
borders  are  rough  for  the  attachment  of  the  '  pectoraUs  minor  ' 
with  the  costo-coracoid  membrane  and  coraco-acromial  Ugament 
respectively.  The  apex  of  the  process  is  rough  and  marked  by 
eminences  and  depressions  for  the  common  origin  of  the  '  coraco- 
brachialis '  and  the  '  short  head  of  the  biceps.'  In  the  living 
body  one  can  feel  the  tip  of  the  coracoid  process  by  pushing  one's 
finger  backwards  and  outwards  in  the  small  triangular  hollow 
situated  on  the  front  of  the  shoulder  and  bounded  above  by  the 
outer  part  of  the  anterior  border  of  the  prismatic  part  of  the 
clavicle,  inside  by  the  outer  edge  of  the  '  pectoralis  major,'  and 
outside  the  anterior  border  of  the  '  deltoid.'  As  the  floor  of  the 
space  is  formed  by  a  strong  membrane  stretching  between  the 
coracoid  process  and  the  first  rib,  and  caUed  the  costo-coracoid 
membrane  we  may  conveniently  term  the  interval  the  '  costo- 
coracoid  triangle. 
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Connections. — The  scapula  is  connected  by  its  acromial  pro- 
cess to  the  clavicle,  which  serves  to  keep  well  apart  the  shoulders. 
In  its  glenoid  cavity  it  receives  the  head  of  the  humerus. 

Ossification. — The  scapula  has  seven  centres  of  ossification. 
The  '  primary '  centre,  which  appears  a  little  behind  the  glenoid 
cavity  about  the  seventh  week  of  foetal  life,  forms  all  parts  of  the 
bone,  except  the  coracoid  process,  the  acromion,  the  inferior  angle, 
and  the  base :  these  are  cartilaginous  at  birth.  There  are  two 
centres  of  ossification  for  the  coracoid  process.  The  chief  centre, 
representing  the  true  coracoid  bone,  appears  soon  after  birth, 
and  about  the  fifteenth  year  unites  to  the  rest  of  the  bone.  The 
second  centre,  appearing  somewhat  later,  is  an  epiphysis  for  the 
tip.  About  puberty,  the  other  secondary  centres  appear  ;  namely, 
two  for  the  acromion  (one  near  the  summit,  the  other  near  the 
base) ;  one  for  the  inferior  angle  ;  and,  lastly,  one  for  the  border 
of  the  base.  They  all  unite  to  the  scapula  about  the  twenty- 
second  year.^^  In  a  practical  point  of  view  it  is  well  to  remem-^ 
ber  that  the  acromion  is  not  invariably  united  to  the  spine  by 
bone.  In  some  rare  cases  it  remains  permanently  distinct,  and 
is  united  to  the  spine  only  by  ligament,  and  may  be  mistaken  for 
a  fractm*e. 

Structure  and  Mechanism. — The  scapula  is  a  flat  bone, 
composed  of  two  plates  of  compact  tissue  separated  by  cancellous 
tissue  wherever  the  bone  is  thickened.  The  cancellous  tissue  is 
therefore  especially  deposited  in  the  borders  and  angles  of  the 
body  and  in  the  various  processes.  The  bone  is  flattened  to  afford 
attachment  to  the  large  rotators  of  the  humerus  and  also  to  con- 
form nicely  to  the  shape  of  the  chest  wall,  on  which  it  glides  in  its 
different  movements.  The  head  is  the  most  important  part,  all 
other  parts  of  the  bone  being  subservient  to  it.  The  spine,  acro- 
mion, and  coracoid  arch  over  it,  while  the  costas  diverge  from  it. 
The  centre  of  the  head  is  situated  at  the  strongest  part  of  the  bone.' 
It  lies  at  the  end  of  the  line  of  junction  of  three  ribs  or  plates  of 
bone  formed  by  the  spine,  the  upper  and  the  lower  parts  of  the 
blade  (fig.  57).  If  we  look  at  a  vertical  section  of  the  bone  we 
notice  that  the  angles  formed  by  these  plates  are  nearly  equal. 
By  this  reason,  therefore,  the  holding  power  of  the  muscles  on 
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the  head  of  the  humerus  is  nearly  equal  above,  behind,  and  in 
front.  The  coracoid  and  acromion  form  a  secondary  shoulder 
joint  for  the  play  of  the  upper  extremity  of  the  humerus. 
If  the  area  be  raised  above  a  right  angle  the  scapula 
rotates  forwards  round  the  middle  of  its  blade.  Its  lovper 
angle  comes  forward,  the  movement  taking  j)lace  at  the 
sterno-clavicular  joint. 

Comparative  Osteolog-y — The  scapula  is  present 
in  all  mammaUa. 

In  ruminants  the  coracoid  and  acromion  are  absent. 
The  elephant,  rhmoceros,  pig,  and  tapir  have  a  very 
large  process  at  the  lower  part  of  the  spine,  to  which  in 
man  is  attached  a  portion  of  the  trapezius. 
The  suprascapular  notch  is  converted  into  a  foramen  by  ossi- 
fication of  the  ligament  in  the  two-toed  sloth  (No.  3434) . 

The  coracoid  process  is  a  remarkable  bone  in  birds.  In  them 
it  is  of  great  strength  and  solidity,  and  extends  from  the  sternum 
to  the  scapula,  where  it  helps  to  form  the  glenoid  cavity.  It  forms 
a  buttress  on  each  side,  which  supports  the  shoulder  during  the 
downward  stroke  of  the  wing.  This  process  never  articulates  with 
the  sternum  in  any  mammal  excepting  in  the  ornithorynchus  and 
the  echidna. 

On  the  top  of  the  sternum  of  the  echidna  (No.  3952)  there  is  a 
T-shaped  bone  called  the  episternum.  On  each  side  of  its  lateral 
branches  lies  a  thin  plate  of  bone,  which  is  the  clavicle  in  this 
animal.  Extending  forward  from  the  glenoid  cavity  towards  the 
top  of  the  sternum  is  a  block  of  bone  which  corresponds  to  our 
coracoid  process,  and  on  the  top  of  this  is  a  second  piece  of  bone 
called  the  epicoracoid.  The  coracoid  being,  as  we  may  say,  in  two 
pieces  is  not  surprising,  seeing  that  in  us  the  coracoid  has  two 
centres  of  ossification  which  now  and  then  remain  separate.  This 
coracoid  will  be  seen  to  enter  into  the  formation  of  the  glenoid 
cavity. 
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THE  HUMEEUS. 
(Plates  L.,  LI.) 

The  humerus  is  the  longest  and  strongest  of  the  bones  of  the 
upper  extremity.  It  is  a  lever  of  the  third  order,  the  fulcrum 
being  at  the  shoulder  joint,  and  the  power  at  the  insertions  of 
the  several  muscles  which  move  the  bone.  It  articulates  with 
the  scapula  above,  and  the  radius  and  ulna  below.  Like  all  the 
long  bones,  it  has  a  '  body '  or  '  shaft,'  and  an  '  upper '  era lower 
extremity.' 

Upper  Extremity. — Heab  and  Neck. — At  the  upper  end  is 
the  smooth  eminence  termed  the  '  head.'  It  forms  about  one- 
thii-d  of  a  sphere,  and  articulates  with  the  glenoid  cavity  of  the 
scapula.  The  head  of  the  humerus  is  much  larger  than  the  socket 
in  which  it  plays.  This  arrangement,  together  with  the  shallow- 
ness and  direction  (p.  285)  of  the  socket,  explains  the  great  range 
of  motion  which  the  shoulder  joint  enjoys.  It  is  the  freest  of  all 
the  joints,  and  resembles  what  mechanics  call  a  '  universal '  joint : 
there  is  no  part  of  the  body  which  cannot  be  touched  by  one  hand 
or  the  other.  The  head  springs  from  the  shaft  by  a  slightly  con- 
stricted base,  called  the  '  anatomical  neck,'  to  the  outer  margin 
of  which  the  capsular  Hgament  of  the  joint  is  attached,  and  which 
is  marked  by  a  number  of  large  nutrient  foramina  in  front,  below, 
and  behind.  Although  this  part  of  the  bone  is  so  short  and  thick 
a.s  hardly  to  deserve  the  name  of  neck,  yet  it  serves  the  important 
purpose  of  removing  the  head  a  little  away  from  the  axis  of  the 
shaft.  In  consequence  of  this,  the  axis  of  the  head  and  neck  forms 
an  obtuse  angle  with  that  of  the  shaft.  "When  the  arm  hangs 
quietly  by  the  side,  with  the  thumb  in  front,  the  precise  direction 
of  the  axis  of  the  head  and  neck  of  the  humerus  is  upwards,  in- 
wards, and  a  little  backwards  from  the  shaft— a  du-ection  which 
facilitates  rotation  inwards.  In  the  axis  of  the  neck  of  the  femur, 
where  rotation  outwards  is  more  required  than  rotation  inwards, 
this  direction  is  reversed. 

Eaise  the  arm  of  the  skeleton  to  a  right  angle,  and  you  observe 
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that)  much  of  the  lower  part  of  the  head  of  the  humerus  is  out 
of  the  socket.  This  is  one  of  the  reasons  why  the  humerus  is  so 
liahle  to  be  dislocated  when  the  arm  is  extended ;  the  head  of  the 
l}one  in  this  position  being  chiefly  supported,  below,  by  the  fibrous 
capsule  of  the  joint.  Again,  when  the  arm  is  raised  to  a  right 
angle,  there  is  another  point  worthy  of  notice  :  that  the  humerus 
alone  cannot  be  raised  higher,  for  the  reason  that  the  articular 
surface  of  the  head  of  the  bone  does  not  admit  of  elevation  beyond 
a  right  angle.  When  we  do  raise  the  arm  beyond  a  right  angle, 
the  additional  elevation  is  accomplished  by  the  movement  of  the 
scapula  upon  the  chest,  an  effect  chiefly  due  to  the  action  of  the 
trapezius  and  serratus  magnus  muscles. 

Tuberosities.— At  the  root  of  the  neck,  or  rather  at  the  top 
of  the  shaft,  are  two  projections,  termed  the  '  tuberosities,' which 
give  greater  leverage  to  the  muscles  moving  the  bone.  They  are 
separated  by  a  perpendicular  groove  which  runs  about  three 
■inches  down  the  shaft,  and  is  called  the  'bicipital  groove,'  be- 
cause the  tendon  of  the  long  head  of  the  biceps  plays  in  it.  Of 
these  tuberosities  the  '  greater '  is  the  more  external.  It  presents 
an  external  surface,  which  is  free,  somewhat  streaked  vertically 
by  slight  grooves  and  ridges,  and  presents  a  few  rather  large 
nutrient  foramina.  Its  upper  border  is  marked  by  three  flat- 
tened impressions, (of  which  the  middle  one  is  the  largest,  for  the 
insertion  from  before  backwards  of  the  '  supra-spinatus,'  '  infra- 
spinatus,' and  '  teres  minor  '  resj)ectively.  Its  anterior  border 
is  prominent,  continuous  with  the  anterior  border  of  the  shaft, 
and  makes  the  upper  part  of  the  ov,ter  lip  of  the  bicijntal  groove. 
Its  posterior  border  is  flattened  and  rough  and  gives  attachment 
to  the  '  teres  minor.'  In  a  thin  person  it  can  be  plainly  felt 
immediately  below  the  acromion,  and  the  centre  of  its  outer  sur- 
face is  in  the  same  vertical  line  as  the  '  external  condjde  '  at  the 
inferior  extremity.  It  is  useful  to  know  this  in  determining  the 
nature  of  injuries  about  the  shoulder.  The  '  lesser  tuberosity '  is 
the  more  internal,  and  points  straight  forwards.  It  is  a  rough 
conical  eminence  and  gives  insertion  to  the  '  subscapularis.' 

Shaft.' — The  first  thing  to  be  observed  in  the  shaft  is,  that 
its  lower  part  is  twisted  inwards,  and  that  it  is  shghtly  curved 
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forwards.  This  twist  and  curve  make  the  axis  of  motion  at  the 
elbow  such,  that  the  forearm  naturally  bends  towards  the  front 
of  the  body.  The  upper  half  of  the  shaft  is  more  or  less  cylin- 
drical ;  the  lower  half  is  prismatic,  although  somewhat  flattened 
fi-om  before  backwards  below.  Immediately  below  the  tuberosities 
is  the  '  surgical  neck '  of  the  humerus ;  so  called  in  contradis- 
tinction to  the  anatomical  neck  already  described.  Fracture  of 
the  surgical  neck  is  common ;  of  the  anatomical  neck  rare.  The 
muscles  play  an  important  part  in  causing  displacement  in  frac- 
ture when  it  occurs  through  the  surgical  neck.  There  is  often  a 
double  displacement :  i.e.  the  upper  fragment  is  drawn  outwards 
by  the  muscles  inserted  into  the  tuberosities,  and  the  lower  frag- 
ment is  drawn  upwards  and  inwards  by  the  muscles  which  go 
from  the  trunk  to  the  arm. 

The  shaft  i^resents  three  borders,  anterior,  internal,  and  ex- 
ternal ;  and  three  surfaces,  internal,  external,  and  posterior. 

The  anterior  border  begins  above  as  a  continuation  of  the 
anterior  border  of  the  greater  tuberosity,  and  runs  down  the 
front  of  the  bone  to  terminate  at  the  lower  end  by  dividing  into 
branches  to  enclose  depressions  in  that  situation,  viz.  the  coro- 
noid  fossa,  and  the  radial  depression.  In  its  upper  thu'd  the 
border  forms  the  outer  lip  of  the  bicipital  groove  and  is  rough 
for  the  insertion  of  the  '  pectoralis  major.'  The  upper  part  of  its 
middle  third  is  also  rough,  and  forms  the  anterior  edge  of  the 
eminence  for  the  insertion  of  the  '  deltoid.'  In  its  lower  thhd, 
and  in  the  lower  part  of  its  middle  thhd,  it  is  smooth  and 
rounded  and  gives  attachment  to  the  '  brachiahs  anticus.' 

The  internal  border  reaches  from  the  lesser  tuberosity  to  the 
internal  condyle.  Its  upper  fourth  forms  the  inner  lip  of  the 
bicipital  groove  for  the  insertion  of  the  '  teres  major.'  About 
.the  middle,  the  border  is  rough  for  the  insertion  of  the  '  coraco- 
brachialis,'  and  below  that  it  becomes  very  prominent  and  dis- 
tinct, and  is  called  the  *  internal  condyloid  ridge,'  for  the  attach- 
ment of  the  '  internal  inter-muscular  septum.'  Immediately 
above  the  condyle  the  '  pronator  radii  teres  '  arises. 

The  extern al  brn-der  runs  from  the  posterior  bordef  of  the 
greater  tuberosity  to  the  external  condyle.    It  is  indistinctly 
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marked  above,  where  it  gives  attachment  to  the  *  teres  minor ' 
and  '  external  head  of  the  triceps.'  In  the  middle  it  is  hollowed 
by  the  commencing  '  musculo-spiral  groove,'  and  below  it  is  very 
prominent,  forming  the  external  condyloid  ridge,  for  the  attach- 
ment of  the  '  external  intermuscular  septum,'  '  supinator  longus,' 
and  '  extensor  carpi  radialis  longior.' 

The  internal  surface  lies  between  the  anterior  and  internal 
-borders.    It  looks  forwards  at  its  upper  end  and  forwards  and 
'  .  inwards  below.    Its  upper  fourth  forms  about  the  lower  two- 
' ,  thirds  of  the  bicipital  groove,  for  the  passage  of  the  long  tendon  of 
■'^  the  'biceps.'    The  surface  here  is  rough  for  the  attachment  of 
the  '  latissimus  dorsi.'    Towards  the  lower  and  back  part  of  the 
middle  thii-d  we  notice  an  elongated  roughness  for  the  insertion 
of  the  '  coraco-brachialis  '  and  immediately  below  that  the  medul- 
lary foramen,  directed  downwards.    In  the  lower  thhd  the  bone 
is  smooth  and  gives  origin  to  the  brachialis  anticus. 

The  external  surface  looks  backwards  and  outwards  above, 
forwards  and  outwards  below.  Its  upper  third  is  smooth  and 
rounded.  Its  middle  third  shows  ua  its  upper  part  a  large  tri- 
angular rough  eminence — the  deltoidal  eminence— ior  the  inser- 
tion of  the  'deltoid.'  The  base  of  the  triangle  is  above,  and  its 
superior  angles  in  well-marked  bones  are  usually  prolonged  for  a 
short  distance  up  the  bone.  The  lower  part  of  the  middle  thkd 
presents  the  musculo-spiral  groove,  smooth  and  running  down- 
wards and  forwards  for  the  transmission  of  the  musculo-sphal 
nerve  and  vessels.  The  lower  third  of  the  surface  is  more 
or  less  smooth  and  gives  attachment  to  the  '  brachialis  anticus.' 
It  is  generally  below  the  insertion  of  the  deltoid  that  ununited 
fractures  of  the  humerus  are  met  with,  j)artly  on  account  of  the 
injury  to  the  nutrient  artery,  and  partly  on  account  of  the  action 
of  the  deltoid  in  causing  a  displacement  of  the  upper  fragment 
over  the  lower. 

The  posterior  surface,  in  its  upper  third,  is  rounded  trans- 
versely and  gives  attachment  quite  at  its  upper  end  to  the  teres 
minor  and  in  the  rest  of  its  extent  to  the  '  external  head  of  the 
triceps.'  In  it^  middle  third  it  shows  the  commencement  of  the 
musculo-spiral  groove.    The  remainder  of  the  surface  is  some- 
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what  flattened,  and  even  concave  transversely  below,  for  the 
attachment  of  the  '  mternal  head  of  the  triceijs.' 

Ziower  Extremity  The  lower  end  of  the  humerus  curves 

slighth-  forwards,  and  is  much  flattened  from  before  backwards, 
and  widened  from  side  to  side.  It  presents,  on  either  side,  a 
condyle  with  articular  surfaces  between,  suited  to  the  flexion  and 
extension,  as  weU  as  the  rotatory  movement  of  the  forearm. 
On  the  outer  side,  we  observe  the  '  lesser  head '  (capitellum) , 
which  corresponds  with  the  shallow  cavity  at  the  end  of  the 
radius.  The  chief  point  about  this  head  is,  that  it  projects 
dii-ectly  forwards,  so  that  when  the  forearm  is  bent  there  is 
a  smooth  sm-face  ready  for  the  rotation  of  the  radius.  On  the 
inner  side  is  the  '  trochlea  '  or  pulley  for  the  ulna.  This  admits 
of  flexion  and  extension  only.  The  direction  of  this  pulley 
is  obhque ;  that  is,  it  slants  from  behind  forwards,  and  from 
without  inwards,  so  that  the  forearm,  in  the  act  of  bending, 
comes  natm-ally  in  front  of  the  chest.  Observe  that  the  inner 
border  of  the  trochlea  descends  much  lower  than  the  outer,  thus 
protecting  the  ulna  from  dislocation  inwards.  The  downward 
projection  of  the  inner  edge  of  the  trochlea  allows  also  for  the 
divergence  of  the  upper  end  of  the  humerus,  and  enables  the 
bones  at  the  elbow  joint  to  faU  inwards  and  adapt  themselves 
to  the  contour  of  the  trunk  in  that  neighbourhood.  Above  the 
trochlea  there  is  a  deep  cavity  in  front  {coronoid  fossa)  which  re- 
ceives the  coronoid  process  of  the  ulna  in  flexion  ;  and  a  similar 
but  deeper  one  behind  [olecranon  fossa)  receiving  the  '  olecranon,' 
or  the  point  of  the  elbow,  in  extension  of  the  forearm.  External 
to  the  coronoid  fossa,  immediately  above  the  lesser  head,  is  a 
shallow  depression  {radial  dejjvession)  for  the  head  of  the  radius 
in  extreme  flexion.  Between  the '  olecranon  and  coronoid  fossaj ' 
the  bone  is  translucent,  as  is  well  seen  in  fig.  58,  which  exhibits 
a  section  through  the  joint.  In  consequence  of  this  thinness, 
a  transverse  fracture  through  the  humerus  in  this  situation  is 
not  uncommon.  From  the  displacement  produced  so  close  to 
the  elbow  joint  this  accident  is  very  liable  to  be  mistaken  for  a 
dislocation  of  the  radius  and  ulna  backwards.  However,  the 
bearing  of  the  condyles  with  respect  to  the  olecranon  enables  us 
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in  most  cases  to  determine  the  diagnosis.    If  the  olecranon  be 
higher  than  the  condyles,  there  is  dislocation  of  the  elbow;  if 
Fig.  68.  ^^t  higher,  the  ulna  is  in  its  proper 

place. 

The  internal  condyle  projects  more 
than  the  external,  and  gives  origin  to 
the  powerful  ^jronator  and  flexors  of  the 
hand  and  fingers,  namely,  to  the  '  pro- 
nator radii  teres,'  '  flexor  carpi  radialis,' 
SECTION  TO  SHOW  THE  TRo-    '  palmaris  longus,'  '  flexor  sublimis  digi- 
CHLEA  OF  THE  HUMEBXJ8.     torum,'  aud  '  flcxor  carpi  ulnaris.'  The 
0.  Olecranon  internal  lateral  Hgament  of  the  elbow 

c.  Coronoid  process.         .  , ,     ,  , 

IS  also  attached  to  it. 

The  external  condyle  is  not  so  prominent  as  the  internal.  It 
is  flattened,  and  gives  origin,  in  front,  to  the  common  tendon  of 
the  extensor  muscles ;  namely,  the  '  extensor  carpi  radiahs  bre- 
vior,'  '  extensor  digitorum  communis,'  '  extensor  minimi  digiti,' 
and  '  extensor  carpi  ulnaris :  '  behind,  it  gives  origin  to  the 
'  anconeus.'  Lastly,  the  external  lateral  ligament  of  the  elbow 
is  attached  to  it. 

Connections. — The  head  of  the  humerus  articulates  with 
the  glenoid  cavity  of  the  scapula  at  the  shoulder.  At  the  lower 
end  on  its  outer  side  is  a  round  convex  surface  which  articulates 
with  the  cup  on  the  top  of  the  radius ;  while  the  trochlea  is 
adapted  to  the  form  of  the  sigmoid  cavity  of  the  ulna. 

Ossification. — The  humerus  has  seven  centres  of  ossifica- 
tion. There  is  one  for  the  shaft,  which  appears  about  the 
seventh  week  of  foetal  life,  when  the  foetus  is  about  an  inch  long. 
About  the  second  year  after  birth  the  centre  of  the  head  appears  ; 
and  about  the  third  year,  the  centre  of  the  great  tuberosity. 
The  centre  for  the  lesser  tuberosity  appears  about  the  fifth  year,, 
or  it  may  be  produced  by  an  extension  of  the  ossification  of  the 
great  one.  About  the  end  of  the  fifth  year  the  centres  for  the 
head  and  tuberosities  have  coalesced,  and  form  a  large  epiphysis, 
which  joins  the  top  of  the  shaft  about  the  twentieth  j^ear.  It 
is  necessary  to  remember  that  this  epiphysis  includes  the  tubero- 
sities (see  fig.  59).    On  the  inner  side,  the  line  of  junction  runs 
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close  to  the  cartilage  on  the  head  of  the  bone :  therefore,  in  the 
event  of  separation,  the  shoulder  joint  would  certainly  be  impli- 
cated. 

About  the  beginning  of  the  third  year,  ossifica-  ^la.  59. 
tion  of  the  lower  end  commences  by  a  fourth  centre 
in  the  lesser  head.  About  the  fifth  year,  a  fifth 
centre  appears  in  the  internal  condyle.  About  the 
twelfth  year,  a  sixth  centre  appears  in  the  great  sweep 
of  the  trochlea ;  and,  lastly,  about  the  thhteenth 
year,  the  seventh  centre  appears  in  the  external 
condyle.  The  centres  for  the  external  condyle,  capi- 
tellum,  and  trochlea  coalesce  and  form  an  epiphysis 
which  joins  the  shaft  in  the  sixteenth  or  seventeenth 
year.  The  epiphysis  formed  by  the  internal  condyle 
does  not  join  the  shaft  till  the  eighteenth  year. 
Therefore  there  may  be  a  separation  of  the  upper 
epiphysis  from  the  shaft  by  violence  as  late  as  about 
the  twentieth,  but  of  those  at  the  lower  end  not  later 
than  about  the  sixteenth,  seventeenth,  or  eighteenth  year.  (See 
Nor.  Hum.  Ost.  No.  54.) 

It  is  interesting  to  remark,  that  the  epiphysis  of  the  upper 
end,  though  the  first  to  ossify,  yet  remains  separate  from  the 
shaft  about  two  or  three  years  longer  than  those  of  the  lower 
end.  This  is  in  accordance  with  the  rule,  that,  of  the  epiphyses 
of  a  long  bone,  those  towards  which  the  nutrient  artery  of  the 
marrow  runs,  are  always  the  first  to  unite  with  the  shaft.  Ee- 
mernber,  that  the  nutrient  arteries  of  the  marrow  of  the  bones 
of  the  upper  extremity  run  towards  the  elbow.  In  the  bones  of 
the  lower  extremity,  they  r\mfrovi  the  knee. 

Structure  and  l>Ieclianism. — The  cancellous  tissue  follows 
the  ordinary  law,  viz.  that  its  spicules  run  at  right  angles  to  the 
plane  of  pressure.  There  is  a  well- developed  '  medullary  cavity.' 
Extensive  movement  at  the  upper  end  of  the  bone  is  obtained  by 
the  large  size  of  the  articular  surface  of  the  head  and  the  small 
size  and  shallowness  of  the  '  glenoid  cavity.'  The  tuberosities 
are  applied  close  to  the  fulcrum ;  therefore  great  play  is  gained 
at  the  far  end  of  the  lever.    The  upper  end  is  protected  by  over- 


802 


THE  HUMERUS 


hanging  bony  processes.  The  lower  end  is  oblique,  for  the  reasons 
we  stated  in  its  description  (p.  289),  and  the  motion  takin- place 
there  too  is  limited  in  extent.  The  whole  bone  is  twisted  and 
curved,  thereby  gaining  elasticity. 

Comparative  Osteology.— In  man  the  legs  are  longer  than 
the  arms,  and  grow  faster  than  the  rest  of  the  body  after  birth. 
In  apes  and  monkeys  the  converse  of  this  is  true,  and,  after 
birth,  the  arms  grow  faster  than  the  rest  of  the  body.    In  most 
giants  the  great  proportion  of  the  height  is  due  to  the  length  of 
the  lower  extremity.    It  is  curious  that  the  right  humerus  of  the 
gorilla  (No.  20)  is  of  the  same  length  as  that  of  the  Irish  giant 
O'Brien  (Hum.  Ost.  Ser.  No.  228),  who  stood  about  eight  feet, 
whUe  the  height  of  the  gorUla  is  only  four  feet  four  inches.  The 
left  humerus  of  O'Brien  is  .20  mm.  shorter  than  the  right,  and 
there  exists  a  similar  difference  in  the  two  humeri  of  the  gorilla. 
It  may  be  well  to  mention  that  the  corresponding  bones  of  oppo- 
site sides  commonly  differ  a  little  in  length,  without  giving  rise 
to  any  obvious  deformity. 

The  olecranon  and  coronoid  fosste  occasionally  communicate 
by  a  small  hole  in  man.  This  seems  to  be  pretty  constantly  the 
case  in  the  Bushman,  gorilla,  tapir,  and  dogs.  (See  Separate  Series, 
Mus.  Koy.  Coll.  Surg.,  as  well  as  in  the  articulated  skeletons.) 

Above  the  inner  condyle  in  many  carnivora  is  a  foramen 
(supra-condyloid)  which  transmits  the  median  nerve  and  the 
brachial  artery.  (See  Separate  Series,  Mus.  Eoy.  Coll.  Sm-g.  : 
tiger,  lion,  and  leopard.)  A  trace  of  this  foramen  occm-s  now 
and  then  in  man  by  the  ossification  of  a  part  of  the  fibrous  band 
which  passes  over  the  median  nerve  and  from  which  the  pronator 
teres  arises.''^ 

The  deltoid  ridge  is  especially  prominent  in  the  Carnivora 
(see  that  of  the  seal).  It  is  extensive  in  the  rhinoceros,  the  tapir, 
and  the  horse,  which  have  heavy  hmbs  to  raise. 

The  tuberosities  are  very  large  in  the  heavy-limbed  rhino- 
ceros and  the  heavy-boned  dugong. 

Notice  how  extensive  the  supinator  ridge  is  in  the  aye  aye 
and  the  beaver. 

In  moles  the  clavicle  articulates  with  the  humerus  (No.  3329). 
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There  is  no  complete  articulation  between  the  humerus  and 
forearm  in  Cetecea,  nor  between  their  carpus,  forearm  or  digits  ; 
the  upper  extremity  forming  a  flipper  which  has  free  movement 
only  at  the  shoulder  joint.    (See  the  Cachalot  Whale.) 

In  flying  birds,  notice  the  large  foramen,  at  which  the  air 
enters  the  cavity  in  the  bone  unmediately  below  the  head,  and 
feel  the  great  Hghtness  of  their  bones.  The  humerus  of  the 
adjutant  (No.  1306)  is  a  mere  shell.  A  bone  of  this  bird,  thirteen 
inches  long,  weighed  only  half  an  ounce,  while  a  corresponding 
one  seventeen  inches  long  of  an  ostrich  weighed  half  a  pound, 
that  is,  it  was  sixteen  times  as  heavy. 

In  snakes  there  is  no  trace  of  fore  limb,  and  consequently  no 
humerus  (No.  629). 

Near  the  end  of  the  humerus  of  the  turtle  there  is  a  line 
which  may  appear  to  denote  an  epiphysis,  but  it  simply  marks 
the  limit  to  which  the  cartilaginous  cap  extended  in  the  recent 
bone  (see  No.  1016).    These  animals  have  no  epiphyses. 


THE  KADIUS. 
(Plates  LII.,  LIII.) 

The  radius  is  the  external  of  the  two  bones  of  the  forearm, 
and  is  so  called  from  its  resemblance  to  the  spoke  of  a  wheel. 
In  learning  this  bone,  keep  in  mind  that  both  its  ends  move 
upon  the  ulna,  and  admit  of  the  pronation  and  supination  of  the 
hand.  It  is  a  long  bone  with  its  inferior  extremity  much  expanded 
for  the  support  of  the  wrist,  and  its  upper  end  small,  entering 
but  slightly  into  the  formation  of  the  elbow  joint. 

Upper  Extremity. — The  upper  extremity  of  the  radius  pre- 
sents the  '  head,'  '  nock,'  and  '  tubercle  '  for  description.  The 
'  head '  has  a  shallow  circular  cup  above,  which  articulates  (when 
the  forearm  is  bent)  with  the  lesser  head  of  the  humerus,  and  in 
the  recent  state  is  held  in  its  place  by  the  strong  '  orbicular ' 
ligament  which  encircles  it.  '  The  head '  is  surrounded  by  an 
articular  surface  narrower  below  than  above  to  articulate  with 
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the  lesser  cavity  of  the  uhia.  The  broadest  part  of  the  surface 
(measuring  vertically)  rests  in  the  lesser  sigmoid  cavity,  when 
the  bones  are  parallel.  The  narrowest  part  is  situated  'on  the 
opposite  side  of  the  head.  The  rotation  of  the  radius  can  be 
■distinctly  felt  m  one's  own  person  below  the  external  condyle  of 
the  humerus ;  a  fact  of  great  value  in  determining  the  existence 
of  fracture  or  dislocation.  Below  the  head  is  the  constricted 
part  termed  the  '  neck/  which  may  be  described  as  a  truncated 
cone  with  its  base  upwards.  It  is  surrounded  by  a  continuation 
downwards  of  the  orbicular  Hgament.  The  conical  shape  of  the 
neck  prevents  the  bone  slipping  down  from  its  bony  and  liga- 
mentous socket.  Below  this  is  the  '  tubercle'  which  gives  inser- 
tion to  the  tendon  of  the  '  biceps.'  The  tubercle  projects  on  the 
inner  side  of  the  bone,  so  that  the  biceps  can  supinate,  as  well 
as  hencl,  the  forearm.  The  posterior  half  of  the  tubercle  is  rough 
for  the  insertion  of  the  tendon  ;  the  anterior  half  is  smooth,  and 
is  the  seat  of  a  bursa  which  facilitates  the  play  of  the  tendon. 

Shaft. — The  outer  side  of  the  shaft  is  thick  and  rounded ; 
and  from  it  the  anterior  and  posterior  surfaces  gradually  converge 


arrangement  it  increases  the  breadth  of  the  forearm,  and  gives 
more  power  to  the  '  pronator  teres.'  The  shafts  of  the  radius 
and  ulna  are  farthest  apart  when  the  hand  is  placed  vertically 
with  the  thumb  uppermost :  hence,  fractures  of  the  forearm  are 
put  up  with  the  hand  vertical,  that  there  may  be  less  risk  of  the 
opposite  bones  uniting. 

The  shaft  increases  in  size,  too,  towards  its  lower  end,  for  the 
support  of  the  hand. 

Looking  at  the  bone  more  carefully,  we  notice  that  the  shaft 
presents  an  anterior,  posterior,  and  internal  border,  separating 
anterior,  imsterior,  and  external  surfaces. 

The  anterior  border  is  continuous  above  with  the  front  of  the 


Fig.  60. 


to  a  sharp  edge,  which  faces  a  cor- 
responding edge  of  the  uhia  (see 
fig.  60),  and  gives  attachment  to  the 
interosseous  membrane  represented 
by  the  dotted  Ime.  The  shaft  is 
slightly  arched  outwards,  by  which 
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tuberosity,  runs  downwards  and  outwards  in  its  upper  part, 
vertically  downwards  in  the  rest  of  its  extent,  and  terminates  in 
a  narrow  but  prominent  vertical  ridge  at  the  front  of  the  outside 
of  the  lower  end  of  the  bone  for  the  insertion  of  the  '  supinator 
longus.'  The  upper  oblique  portion  is  called  the  oblique  line  of 
the  radius,  and  gives  insertion  to  the  '  supinator  brevis'  and  origin 
to  the  '  flexor  subHmis.'  The  middle  part  is  rather  rounded,  and 
gives  attachment  to  the  thin  but  variable  origin  of  the  latter 
muscle.  The  lower  fom-th  is  more  prominent  and  affords  inser- 
tion to  fibres  of  the  '  pronator  quadratus.' 

The  posterioi-  border  commences  at  the  outside  of  the  back  of 
the  neck  and  terminates  at  the  outside  of  the  back  of  the  lower 
end  of  the  bone.  It  is  only  in  the  middle  third  that  it  exists  as 
a  border  at  all.  Here  it  is  prominent  and  forms  the  posterior 
boundary  of  the  impression  for  the  insertion  of  the 'pronator  radii 
teres.'  In  the  upper  and  lower  thirds  the  border  is  imaginary, 
but  for  convenience  of  description  of  the  sm^faces  we  suppose  tlie 
upper  and  lower  ends  of  the  proininent  border  in  the  middle  thii-d 
of  the  shaft  to  be  prolonged  to  the  upper  and  lower  extremities 
of  the  bone. 

The  internal  or  interosseous  border  is  the  most  prominent  of  the 
three  borders.  When  the  bones  are  in  a  position  parallel  to  one 
another  it  faces  a  corresponding  border  upon  the  ulna.  It  comi- 
mences  at  the  back  of  the  bicipital  tuberosity  and  terminates  below 
in  two  branches  which  enclose  a  surface  at  the  lower  end  of  the 
bone  for  articulation  with  the  head  of  the  ulna.  Its  upper  end 
is  smooth  and  rounded,  its  middle  half  or  so  is  very  sharp  mid 
prominent,  and  its  lower  fom-th  is  somewhat  flattened.  It  gives 
attachment  to  the  interosseous  membrane  which  stretches  /be^ 
tween  the  two  bones. 

The  anterior  surface  lies  between  the  anterior  and  internal 
borders.  It  is  slightly  hollow  in  its  upper  two-thirds,  where  it 
gives  origin  to  the  '  flexor  longus  poUicis,'  increases  in  breadth 
and  gets  flattened  in  its  lower  third,  where  it  affords  insertioat 
to  the  'pronator  quadratus.'  Somewhere  in  the  ujiper  third, 
and  near  the  internal  border,  we  notice  the  medullary  foramen,' 
directed  upwards. 
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The  j)osterior  surface  is  rounded  and  rough  at  its  upper  part  for 
the  msertion  of  the  '  supinator  brevis,'  hollowed  in  the  middle  for 
the  origin  of  the  '  extensor  ossis  metacarpi  pollicis '  and  '  extensor 
primi  internodii  pollicis.'  It  is  convex  from  side  to  side  and  twisted 
■outwards  in  its  lower  part,  and  shows  the  commencement  of  grooves, 
specially  marked  on  the  back  of  the  lower  end  of  the  bone,  for 
the  transmission  of  the  extensor  tendons. 

The  external  surface  is  rough  and  rounded  in  its  upper  third, 
presents  a  flat  rough  impression  in  its  middle  third  (best  marked 
towards  the  posterior  border),  for  the  insertion  of  the  '  pronator 
radii  teres,'  and  gets  smooth  and  narrow  below,  where  it  shows 
a  commencing  groove  for  the  passage  of  the  '  extensor  ossis 
metacarpi  pollicis  '  and  '  extensor  primi  internodii  polHcis ' 
tendons. 

The  insertion  of  the  '  pronator  teres  '  being  at  the  outer  and 
irt-c/cpart  of  the  shaft,  gives  the  muscle  greater  power  of  pronation. 
In  amputation  of  the  forearm  it  is  desirable  to  saw  through  the 
bones  below  the  insertion  of  this  muscle,  that  the  stump  may 
have  the  benefit  of  a  pronator. 

Iiower  Extremity. — The  lower  end  of  the  radius  expands  mto 
an  inferior  surface,  slightly  cupped  transversely,  as  well  as  from 
before  backwards,  which  articulates  with  the  '  scaphoid '  and 
'  semilunar  '  bones  of  the  carpus.  In  the  recent  state,  if  not  in 
the  dry  bone,  this  surface  is  divided  by  a  slight  ridge  :  the  part 
for  the  '  scaphoid  '  is  triangular,  whUe  that  for  the  '  semilunar 
bone  is  square.  On  its  inner  side  is  the  concave  articular  sur- 
face ('  semilunar  '  or  '  sigmoid  '  cavity) ,  which  glides  upon  the 
lower  end  of  the  ulna.  The  direction  of  this  surface  is  upwards 
and  inwards.  The  radius  is  thereby  prevented  from  being  thrust 
upwards  from  the  ulna  by  shocks  transmitted  to  it  from  the 
hand  below,  and  by  means  of  this  surface  shocks  also  are  partly 
distributed  directly  to  the  ulna.  On  its  outer  side  is  the  conical 
projection,  termed  the  '  styloid  '  process,  of  which  the  apex  gives 
attachment  to  the  external  lateral  ligament  of  the  wrist ;  while 
the  base  gives  insertion  to  the  tendon  of  the  '  supinator  radii 
longus,'  and  the  outer  surface  presents  a  groove  directed  down- 
wards and  forwards  for  the  transmission  of  the  '  extensor  ossis 
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metacarpi '  and  '  extensor  primi  internoclii  pollicis  '  tendons.  In 
front,  the  lower  end  has  a  rough  and  elevated  margin  for  the 
attachment  of  the  powerful  anterior  ligament  of  the  carpus  :  and 
behind  there  are  three  gi-ooves  for  the  passage  of  the  extensors 
of  the  wrist  and  fingers.    (Plate  LVI.)    Beginning  from  the 
outer  side,  we  observe:  1,  a  groove  for  the  'extensores  carpi 
radiales,  longior '  and  '  brevior ;  '  2,  a  very  distinct  and  slanting 
groove  for  the  '  extensor  secundi  internodii  pollicis  ; '  3,  a  groove 
for  the  '  extensor  indicis  '  and  the  '  extensor  communis  digitorum.' 
In  the  recent  state  these  grooves  are  made  complete  canals  by 
the  'posterior  annular  Hgament.'    Notice  that  the  external  lip 
of  the  gi-oove  for  the  '  extensor  secundi  internodii  poUicis '  is  the 
more  prominent.    The  tendon  as  it  Hes  in  the  groove  makes  a 
sudden  bend  outwards,  and  this  projection  of  the  outer  lip  acts 
as  a  pulley  for  the  tendon  when  the  muscle  is  in  action. 

The  lower  end  of  the  radius  is  composed  of  cancellous  tissue 
covered  by  a  thin  layer  of  compact  bone,  as  shown  in  the  ad- 
joining fig.  (61).  It  faUs,  therefore,  upon  the  palm       Fm.  6i. 
of  the  hand ;  the  lower  end  of  this  bone,  which 
receives  the  full  force  of  the  shock,  is  very  liable  to 
be  broken  transversely  about  half  an  inch  or  an 
inch  above  the  wi-ist  joint.    This  fracture  of  the 
radius  is  commonly  called  CoUes's  fractm-e,  after 
the  Irish  surgeon  who  first  accurately  described  it. 
The  lower  fragment,  with  the  hand,  is  thrown  back- 
wards, so  as  to  make  an  unnatural  swellin^^  on  the  ™eough 

^  THE    LOWEB  END 


back  of  the  forearm:  the  upper  fragment  pro-  orTH^ius, to 
trudes  on  the  palmar  aspect  of  the  forearm  just  ™^ 
above  the  wrist.    Now  a  fracture  with  such  dis-  ^ZJ!^' 
placement  is  liable  to  be  mistaken  for  a  dislocation  of  the  wrist 
The  two  injuries  may  be  distinguished  as  follows  :  If  the  styloid 
process  be  in  the  same  line  with  the  shaft  of  the  radius  the  in 
jury  IS  probably  a  dislocation  of  the  wrist  backwards  •  if  it  be  not 
m  the  same  line,  there  is  probably  a  fracture  of  the  lower  end 
of  the  radius,  which  is  by  far  the  more  frequent  accident  of  the 
two. 

Connectlona.-The  radius  articulates  above  with  the  humerus, 
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and  rotates  in  the  lesser  sigmoid  cavity  of  the  ulna.  Below,  it 
articulates  with  the  scaphoid  and  semilunar  bones  of  the  wrist, 
and  ghdes  round  the  head  of  the  ulna. 

Ossification.^ — The  radius  has  three  centres  of  ossification  : 
one  for  the  shaft,  and  one  for  each  end.  The  upper  end  begins 
to  ossify  at  the  fifth  year,  and  is  united  at  the  seventeenth.  The 
lower  end  begiiis  about  the  second  year,  and  is  not  united  tUl 
the  age  of  eighteen  or  twenty.  (Nor.  Hum.  Ost.  No.  54.)  This  is 
m  accordance  with  the  general  law,  that  epiphyses  unite  with  the 
shafts  in  the  inverse  order  of  then'  ossification. 

Comparative  Osteolog-y. — In  ruminants  the  uhia  and  radius 
are  immovably  imited.  The  ulna  is  at  the  back  of  the  radius, 
and  forms  a  very  prominent  olecranon,  on  the  top  of  which  may 
be  seen  an  epiphysis  in  the  fore  limb  of  the  bison. 

In  the  zebra  (Solidungula)  the  ulna  is  represented  by  an 
olecranon  adhering  to  the  back  of  the  radius,  but  in  the  elephant 
the  ulna  is  very  large  and  the  radius  is  small.  (See  the  Separate 
Series,  Mus.  Eoy.  Coll.  Surg.) 

In  bats  and  birds  the  radius  is  enormously  long,  formmg  the 
principal  support  of  the  wing  in  the  former  (No.  3388) . 


THE  ULNA. 
(Plates  LII.,  LIU.) 

The  ulna,  so  called  because  it  forms  the  elbow  (wXevv),  is  the 
inner  of  the  two  bones  of  the  forearm.  Lookmg  at  the  bone 
generally,  we  notice  that  it  presents  the  appearance  of  a  long 
pyramid  with  the  base  above,  in  contradistinction  to  the  radius, 
which  has  the  base  of  the  pyramid  below.  We  notice  too  that 
it  is  longer  than  the  radius  by  the  projection  upwards,  at  its 
upper  end,  of  a  process  called  the  '  olecranon  process.' 

Upper  End.— Its  upper  end  presents  a  deep  semicii-cular 
cavity,  which  accurately  fits  on  the  trochlea  of  the  humerus,  and 
forms  a  perfect  hinge-joint  admitting  of  flexion  and  extension 
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only.    (See  fig.  62.)    This  is  called  the  '  gi-eater  sigmoid  ' 
cavity,  as  distinguished  from  a  smaller  one,  termed  the  '  lesser 
sigmoid,'  which  is  placed  on  its  outer  Pig.  62. 

side,  and  forms  a  socket  for  the  rotation 
of  the  head  of  the  radius.  The  '  greater 
sigmoid  cavity '  is  formed  by  the  ante- 
rior sm'face  of  the  olecranon  and  the  su- 
perior surface  of  the  coronoid  process, 
a  pyramidal  eminence  proiectmg  for- 

°  SECTION         THROUGH  THE 

wards  fi-om  the  upper  end  of  the  bone.  greater  sigmoid  cavity 
It  is  marked  by  a  smooth  rounded  ele-  ulna. 
vation,  running  from  above  downwards,  and  dividing  it  into  a 
larger  internal  portion,  concave  from  side  to  side  as  well  as  from 
above  downwards,  and  a  smaller  external  portion,  which  is  convex 
transversely  at  its  upper  and  somewhat  flattened  at  its  lower  ex- 
tremity. The  cavity  is  constricted  from  side  to  side,  by  two  small 
notches  situated  rather  below  the  middle  of  the  inner  and  outer 
margins.  These  notches  may  be  connected  by  a  somewhat  rough 
groove  indicating  the  line  of  junction  of  the  olecranon  process  with 
the  shaft.  The  cavity  is  likewise  constricted  from  above  down- 
wards by  the  projection  into  it  of  the  points  of  the  olecranon  and 
coronoid  processes.  The  '  lesser  sigmoid  cavity  '  hes  partly  on  the 
outer  side  of  the  upper  end  of  the  bone,  and  partly  on  the  outer 
side  of  the  coronoid  process.  It  is  oval  in  shape,  with  the  broad 
end  backwards.  The  surface  is  smooth  and  articular  and  con- 
tinuous with  the  articular  surface  of  the  greater  sigmoid  cavity. 
It  is  concave  from  before  backwards,  forming  about  the  fourth  of 
the  circumference  of  a  circle.  It  is  very  slightly  concave  from 
above  downwards,  and  its  lower  edge  is  more  prominent  than  its 
upper.  In  front,  and  behind,  it  is  rough  for  the  attachment  of 
the  orbicular  ligament. 

In  front  of  the  greater  sigmoid  cavity  is  a  rough  projection, 
termed  the  'coronoid  process'  {Kopcovr],  the  top  of  a  curve). 
It  is  pyramidal  in  shape,  with  its  base  continuous  with  the  upper 
end  of  the  bone,  and  its  apex  free  and  pointing  forwards  and  up- 
wards. Its  vpper  surface  has  ah-eady  been  descril)ed  as  forming 
the  lower  part  of  the  greater  sigmoid  cavity.    Its  inferior  surface 
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looks  forwards  and  downwards,  and  is  rough  for  the  attachment 
of  the  '  brachiahs  anticus.'  At  the  lower  extremity  of  this  surface 
we  notice  a  rather  well-marked  projection — the  '  tubercle  of  the 
ulna,'  for  the  attachment  of  the  '  brachiahs  anticus  '  and  the 
oblique  ligament.  Its  outei'  surface  supports  the  fore  part  of 
the  lesser  sigmoid  cavity,  already  described.  Its  inner  surface 
is  smooth  and  hollowed  below,  but  rough  above  and  in  front  for 
the  attachment  of  the  mternal  lateral  ligament  of  the  elbow 
jomt,  deep  head  of  '  pronator  teres,'  '  flexor  sublimis  digitorum,' 
and  occasionally  an  ulnar  origin  of  the  '  flexor  longus  pollicis.'  ^'^ 
The  coronoid  process  hmits  the  flexion  of  the  forearm.  When 
the  forearm  is  flexed  on  the  arm  as  much  as  possible,  the  point 
of  the  process  strikes  against  the  fossa  at  the  lower  part  of  the 
humerus,  and  prevents  further  flexion.  In  dislocation  of  the 
ulna  backwards  the  coronoid  process  is  very  hable  to  be  broken  : 
this  complication  makes  reduction  more  easy,  but  subsequent 
retention  of  the  bones  in  their  proper  place  more  difficult. 
Violent  action  of  the  '  brachiahs  anticus  '  may  break  off  the  coro- 
noid process  :  but  this  is  very  rare.  An  instance  of  this  happened 
to  a  boy  about  eight  years  old,  in  consequence  of  hanging  with 
one  hand  from  the  top  of  a  high  wall.^^  When  it  is  broken,  the 
coronoid  process  unites  by  ligament,  owing  to  the  separation  of 
the  fragments  by  the  'brachiahs  anticus.' 

Behind  the  sigmoid  cavity  is  the  '  olecranon '  [oiKevt],  elbow, 
and  Kpavov,  head).  It  is  a  cubical  piece  of  bone  somewhat  con- 
stricted at  its  inferior  surface,  where  it  is  continuous  with  the 
upper  extremity  of  the  bone.  Its  superior  surface  is  diamond- 
shaped,  the  anterior  angle  of  the  diamond  overhanging  the 
greater  sigmoid  cavity.  The  margins  of  the  surface  form  the 
prominent  upper  Up  of  the  same  cavity.  Immediately  behind 
this  lip  there  is  a  well-marked  groove  for  the  attachment  of  the 
posterior  hgament  of  the  elbow  joint,  and  behind  that  the  sur- 
face is  marked  by  elevations  and  depressions  for  the  insertion  of 
the  '  triceps.'  The  anterior  surface  is  smooth  and  covered  m  the 
recent  state  by  cartilage,  and  forms  the  larger  part  of  the  greater 
sigmoid  cavity,  already  described.  The  jjosterior  surface  shows  a 
smooth,  triangular,  and  subcutaneous  surface,  the  apex  of  the 
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ti'iangle  being  continuous  with  the  posterior  border  of  the  shaft. 
The  surface  is  somewhat  streaked  longitudinally  in  its  upper  j)art 
for  the  insertion  of  fibrous  processes  extending  down  from  the 
tendon  of  the  triceps.    Its  innei-  surface  is  rough  above  for  the 
attachment  of  the  uiternal  lateral  ligaments  of  the  elbow  joint, 
and  smooth  and  rather  hollowed  below,  where  it  fades  into  the 
inner  siu-face  of  the  shaft  and  gives  origin  to  the  '  flexor  carpi 
uhiaris '  and  the  '  flexor  profundus  digitorum.'    Its  external  sur- 
face is  rather  rough  above  for  the  insertion  of  prolongations  of 
the  triceps  tendon,  and  smooth  and  slightly  concave  from  above 
downwards  in  the  rest  of  its  extent,  becoming  continuous  below 
with  the  posterior  surface  of  the  shaft,  and  giving  msertion  to 
fibres  of  the  '  anconeus.'    We  notice  a  number  of  small  nutrient 
foramina  on  both  inner  and  outer  surfaces,  and  in  the  groove 
on  the  upper  surface,  of  the  process.    The  '  olecranon '  serves 
many  pm-poses  and  plays  an  important  part  in  the  perfection 
of  the  hinge  of  the  elbow  joint.    It  gives  leverage  to  the 
'  triceps,'  which  is  inserted  into  it  and  extends  the  forearm.  It 
forms  a  convenient  knob  of  bone  for  the  protection  of  the  joint 
when  we  lean  on  the  elbow,  and  it  limits  the  extension  of  the 
forearm.     The  sm-gical  interest  about  it  is,  that  it  is  sometimes 
broken  by  a  fall  upon  the  elbow;  and  the  fracture  generally 
takes  place  just  at  the  slight  constriction  or  notch  where  the 
olecranon  joins  the  shaft :  so  that  the  joint  is  involved  in  the 
mischief.    Fractm-es  of  the  olecranon,  like  those  of  the  patella 
and  coronoid  process,  unite,  generally,  by  hgament,  because  it  is 
so  difficult  to  keep  the  fragments  in  apposition.    But  if  the 
tendinous  expansion  from  the  triceps  be  not  torn,  the  union  may 
take  place  by  bone. 

In  almost  all  injuries  about  the  elbow  joint,  however  swollen 
the  parts,  one  can  always  feel  the  olecranon  and  the  internal 
condyle  of  the  humerus.  In  determining,  therefore,  the  nature 
of  obscure  injuries  about  this  joint,  it  is  useful  to  know  that,  when 
the  arm  is  extended,  the  tip  of  the  olecranon  and  the  internal 
condyle  are  about  one  inch  apart  and  in  the  same  trtinsverse  hne. 
When  the  arm  is  bent  to  a  right  angle,  the  olecranon  is  an  inch 
and  a  half  from  the  condyle  and  below  it.  By  this  test  dislocation 
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of  the  ulna  backwards  and  fracture  through  the  lower  end  of  the- 
humerus  can  be  distinguished. 

Shaft. — The  shaft  of  the  ulna  is  triangular  in  cross  section, 
and  tapers  gradually  from  the  upper  towards  the  lower  end.  The 
lower  extremity  inclines  a  little  outwards  towards  the  radius  and 
tel-minates  in  the  little  '  head '  round  which  the  radius  rolls.  A 
Fig.  63.  transverse  section,  seen  in  fig.  63, 

shows  the  shape  of  the  radius  and 
ulna  about  the  middle.  We  observe 
that  their  sharp  edges  are  turned  to- 
wards each  other,  and  that  to  these  is 
attached  the  interosseous  membrane  (represented  by  the  dotted 
line)  which  connects  the  bones.  Together,  they  form  a  shaUow 
concavity  in  front  and  behind,  wherein  the  muscles  of  the  fore- 
arm are  lodged.  We  notice  too  that  the  shaft  is  somewhat 
sigmoid  from  side  to  side  when  looked  at  in  its  long  axis,  pre- 
senting a  convexity  looking  outwards  in  its  upper  third  and  a  con- 
vexity m  the  opposite  direction  in  its  lower  third.  When  viewed 
laterally  it  is  pretty  uniformly  bowed  backwards. 

The  body  or  shaft  of  the  bone  presents  an  external,  anterior,' 
andrposter-ibr  border,  bounding  an  anterior,  internal,  and  jiostenor 
surfd'cei 

■  - external  border  begins  above  by  two  branches  running 
to  the' front  and  back  of  the  lesser  sigmoid  canity,  and  enclosmg 
a  rough,  hollowed,  -and  triangular  surface  for  the  ulnar  origin 
of  the  '  supinator  brevis.'  In  its  middle  two-fourths  it  is  very- 
sharp  and  prominent,  giving  attachment  to  the  interosseous 
membrane,  and. in  the  lower  fourth  it  is  rounded,  approaches  the 
anterior  aspect  of  the  bone,  and  terminates  at  the  middle  of  the 
ai-ticulair  surface  on  the  side  of  the  lower  extremity.  The  lower 
fourth  affords  attachment  to  fibres  of  the  '  pronator  quadratus  '•• 
and  to  the  interosseous  membrane,  which  is  thinned  m  this  part 
<)f  its  extent. 

-  The -anterior  iorrZer  stretches  between  the  'tubercle  of  the 
tilna '  superiorly,  and  the  front  of  the  root  of  the  '  styloid  pro- 
cess' inferiorly.  It  is  smooth  and  rounded  in  its  upper  three- 
foiirths,  where  it  gives  origin  to  the  '  flexor  profundus  digitorum.'^ 
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It  is  rough  below,  where  it  gradually  twists  towards  the  pos- 
terior aspect  of  the  bone  and  gives  attachment  to  fibres  of  the 
*  pronator  quadratus.' 

The  posterior  border  gives  attachment  to  a  strong  aponeurosis, 
which  covers  the  muscles  on  the  inner  side  of  the  forearm,  and 
affords  additional  surface  for  the  origin  of  the  '  flexor  carpi 
ulnaris,'  the  '  flexor  profundus  digitorum,'  and  the  '  extensor 
carpi  ulnaris.'  The  posterior  edge  (or  ridge  of  the  ulna,  as  it  is 
generally  called)  deserves  the  more  notice,  because  being  sub- 
cutaneous it  can  be  traced  from  the  olecranon  to  the  styloid 
process,  and  is  therefore  an  important  guide  in  cases  of  doubtful . 
fracture.  Before  reaching  the  elbow  the  ridge  becomes  continuous 
with  the  posterior  surface  of  the  olecranon,  which  is  also  subcu- 
taneous :  here  we  feel  for  fractures  of  the  olecranon. 

The  anterior  surface  Hes  between  the  external  and  anterior  bor- 
ders. It  is  concave  from  above  downwards  in  its  upper  three- 
fom-ths,  where  it  looks  forwards  and  gives  attachment  to  the 
'  flexor  profundus  digitorum.'  Its  lower  fourth  is  somewhat  convex 
from  side  to  side,  is  dhected  inwards  at  its  lower  end,  and  gives 
origin  to  the  'pronator  quadratus.'  The  lower  fourth  is  marked 
off  from  the  rest  of  the  surface  in  weU-developed  bones  by  an 
obUque  ridge  running  from  the  external  border  downwards,  in- 
wards, and  backwards,  to  join  the  anterior  border  about  an  inch 
above  the  root  of  the  styloid  process.  At  the  junction  of  the 
upper  and  middle  thirds  of  the  surface  we  notice  the  medullary 
foramen  entering  the  bone  obliquely  upwards. 

The  internal  surface  lies  between  the  anterior  and  posterior 
borders.  It  is  continuous  above  with  the  inner  surface  of  the 
olecranon  process,  looks  backwards  as  weU  as  inwards,  and  is 
somewhat  flattened.  It  gets  more  and  more  convex,  both  from 
side  to  side  and  in  its  long  axis  as  it  is  traced  downwards,  and 
gradually  gains  a  direction  so  as  to  look  nearly  straight  backwards 
at  its  lower  end.  It  is  smooth  all  over,  and  gives  origin  in  its 
upper  three-fourths  to  the  '  flexor  profundus  digitorum.' 

The  posterior  surface  looks  backwards  and  slightly  outwards 
above,  where  it  is  continuous  with  the  external  surface  of  the 
olecranon  process,  but  very  slightly  backwards  and  very  much 
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outwards  below,  as  it  joins  the  lower  extremity  of  the  bone.  It 
is  divided  into  two  very  unequal  parts  by  the  '  obHque  line  of 
the  uhia.'  This  is  a  ridge  which  runs  obliquely  from  the  pos- 
terior mferior  angle  of  the  lesser  sigmoid  cavity  downwards  and 
backwards  to  join  the  posterior  border  about  the  junction  of  its 
upper  and  middle  thirds.  The  part  of  the  surface  above  the 
line  is  continuous  with  the  external  surface  of  the  olecranon,  and 
is  marked  by  a  few  low  elevations,  and  has  the  '  anconeus  ' 
inserted  into  it.  The  part  below  the  luie  is  subdivided  into  two 
unequal  parts  by  a  vertical  line  or  ridge,  which  commences  m  the 
obUque  line,  rather  above  its  middle.  It  runs  down  the  posterior 
sm-face  in  a  sUghtly  wavy  manner,  keeping  nearly  paraUel  to  the 
posterior  border  of  the  bone,  and  gradually  disappears  about  the 
junction  of  the  lower  fourth  with  the  upper  three-fourths  of  the 
posterior  surface.  The  part  of  the  posterior  surface  which  is 
internal  to  this  line  is  the  broader.  It  is  slightly  hollowed  from 
side  to  side  in  its  upper  part,  somewhat  rounded  from  side  to 
side  below.  On  it,  without  being  attached  to  it,  lies  the  '  extensor 
carpi  ulnaris.'  The  part  of  the  posterior  surface  external  to  the 
vertical  line  is  somewhat  broader  above  than  below,  slightly 
concave  transversely,  and  rough  in  its  upper  three-fourths,  and 
romided  and  smooth  in  its  lower  fourth.  The  upper  three-fourths 
is  divided  into  three  nearly  equal  impressions,  which  overlap  one 
another  from  below  and  are  marked  off  from  one  another  by  two 
oblique  ridges  running  from  the  vertical  line  downwards  and  out- 
wards to  the  external  border  of  the  bone.  The  impressions  give 
attachment  respectively,  from  below  upwards,  to  the  '  extensor 
indicis,'  '  extensor  secundi  internodii  poUicis,'  and  the  ulnar 
origin  of  the  '  extensor  ossis  metacarpi  poUicis.' 

liower  End. — The  lower  end  of  the  ulna  presents  a  rounded 
prominence  of  bone,  plainly  to  be  felt  on  the  back  of  the  inside 
of  the  wrist  when  the  hand  is  pronated — the  '  head  '  of  the  ulna, 
and  a  short  blunt  process  projecting  from  the  inner  and  posterior 
side  of  the  lower  extremity — the  '  styloid  process.' 

The  '  head  '  is  sUghtly  rough  in  front  for  ligamentous  attach- 
ment, concave  from  side  to  side  behind,  and  smooth  for  the 
passage  of  the  '  extensor  carpi  ulnaris  '  tendon.    Externally  it  is 
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convex  from  before  backwards,  and  slightly  so  from  above  down- 
wards, smooth  and  articular,  the  upper  edge  overhanging  the 
lower.  The  articular  surface  forms  rather  more  than  half  a  circle 
from  before  backwards,  and  on  it  the  radius  glides  in  pronation 
and  supination  of  the  forearm.  The  inferior  surface  of  the  head 
presents,  externally,  a  semilunar,  flattened,  articular  facet,  con- 
tinuous with  the  one  on  the  outside  of  the  head  and  articular  for 
the  triangular  fibro-cartilage  which  separates  it  from  the  cmiei- 
form  bone  of  the  carpus.  Internally,  where  the  lower  sm-face  joins 
the  styloid  process  there  is  a  rough  depression  for  the  attachment 
of  the  apex  of  the  triangular  fibro-cartilage. 

The  styloid  process  projects  from  the  inner  and  back  part  of 
the  lower  end  of  the  ulna,  and  thus  does  not  interfere  with  the 
rotation  of  the  radius ;  it  gives  attachment  to  the  internal  lateral 
hgament  of  the  wrist.  Between  the  process  and  the  head  there 
is  a  groove  on  the  posterior  aspect  of  the  bone  for  the  passage  of 
the  tendon  of  the  '  extensor  carpi  ulnaris  '  (Plate  LVI.) ;  and 
externaUy  the  process  is  separated  from  the  head  by  the  depres- 
sion for  the  attachment  of  the  triangular  fibro-cartilage  of  the 
wrist,  ah-eady  described. 

The  styloid  processes  of  the  radius  and  ulna  can  be  readily 
felt  beneath  the  skin,  and  are  important  guides  in  the  determina- 
tion of  injuries  of  the  wrist,  whether  fracture  of  the  radius  or 
dislocation.  The  relative  position  of  the  styloid  processes  with 
regard  to  the  axis  of  motion  at  the  wrist  will  settle  the  question. 

Connections. — The  ulna  articulates,  above,  with  the  trochlea 
of  the  humerus  and  with  the  head  of  the  radius ;  below,  it  arti- 
culates with  the  sigmoid  notch  of  the  radius,  but  is  prevented 
from  articulating  with  the  cuneiform  bone  of  the  wrist,  by  the 
intervention  of  an  interarticular  fibro-cartilage. 

Ossification — The  ulna  has  three  centres  of  ossification  

one  for  the  shaft  and  coronoid  process,  one  for  the  lower  end, 
and  a  third  for  the  olecranon.  The  lower  end  begins  to  ossify 
about  the  fifth  year,  and  unites  to  the  shaft  about  the  twentieth. 
The  top  of  the  olecranon  remains  cartilaginous  until  the  age  of 
eight,  about  which  time  it  begins  to  ossify :  it  coalesces  with  the 
base  about  puberty.    (Nor.  Hum.  Ost,  No.  54.) 
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Structure  and  Ittechanism  of  Radius  and  Ulna.  Struc- 
turally the  radius  and  ulna  are  typical  examples  of  long  bones. 
The  ulna  is  longer  than  the  radius  by  the  olecranon  process,  and 
articulates  to  a  greater  extent  with  the  humerus  for  steadiness. 
The  radius  is  thick  below  and  articulates  to  a  greater  extent  than 
the  ulna  with  the  carpus.    Shocks  from  the  hand  are  therefore 
received  directly  by  the  radius,  and  transmitted  to  the  ulna 
partly  by  the  head  of  the  ulna  overhanging  the  sigmoid  cavity 
of  the  radius,  but  chiefly  by  the  interosseous  membrane  stretch- 
mg  between  the  shafts  of  the  bones ;  the  direction  of  the  fibres 
of  the  membrane  from  the  radius  downwards  and  inwards  to 
the  ulna  favours  this  transmission.    In  the  act  of  pronation  and 
supmation  the  radius  articulates  with  the  ulna  in  a  conical  way. 
The  centre  of  the  head  of  the  radius  is  the  apex  of  the  cone. 
The  pit  at  the  root  of  the  styloid  process  is  the  centre  of  the 
base  of  the  cone ;  that  is  to  say,  the  centre  of  the  base  of  the 
Pig.  64.  cone  is  the  centre  of  a  circle  of  which  the  sigmoid  cavity 
Q    of  +he  radius  is  part  of  the  chcumference.    The  axis  of 
Sjt/r'    the  cone  therefore  runs  through  the  centre  of  the  head 
and  neck  of  the  radius,  leaves  the  shaft  just  below  the 
\      tuberosity,  crosses  obUquely  the  interosseous  space,  and 
I     enters  the  ulna  a  little  above  its  lower  end  and  terminates 
\  I     at  the  pit  at  the  root  of  its  styloid  process.    Pm-e  rota- 
V\    tion  consequently  takes  place  at  the  superior  radio-ulnar 
joint,  and  a  gliding,  circumductory,  forward  and  backward 
motion  at  the  inferior  radio-ulnar  joint.    With  pronation  there 
is  slight  flexion  of  the  elbow  and  with  supination  slight  extension. 

Comparative  Osteolog-y. — The  ulna  ui  many  birds  wUl  be 
seen  to  be  very  long,  like  the  radius,  forming  the  largest  part  of 
the  length  of  the  wing,  and  to  be  dotted  by  a  line  of  small 
tubercles  along  its  outer  surface  where  the  winged  feathers  are 
attached.  See  the  length  of  the  ulna  in  the  Frigate  bird  (No. 
1188  A)  and  the  prominent  feather-tubercles  in  the  Adjutant 
(No.  1306).  Contrast  the  great  length  of  the  ulna  and  radius  in 
the  swift-flying  birds,  as  the  Frigate  (No.  1188  A)  and  Albatross 
(No.  1189),  with  the  shortness  of  those  which  do  not  fly,  as  the 
■Great  Auk  (No.  1118),  the  Ostrich  (No.  1362),  and  the  Cassowary 
<No.  1357  A). 
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Palmar  surface. 


Drawn  on  Stone  ty  T.  Godart- 
Prom nature  "by  L.Holden.  Prmted  by West.Newman&Co. 
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BONES  OF  THE  HAND. 

(Plates  LIV.,  LV.,  LVI.) 

The  skeleton  of  the  hand  consists  of  twenty-seven  bones.  The 
first  eight  are  the  little  bones  of  the  carpus ;  the  five  succeeding 
bones  constitute  the  metacarjDus  :  these  support  the  bones  of  the 
fingers.  Each  finger  has  three  bones,  termed,  in  order  from  the 
wrist,  the  first,  or  proximal  or  metacarpal,  the  second,  or  middle, 
and  the  third,  or  distal  or  ungual  phalanges.  The  thumb  has 
only  two  phalanges. 


THE  CAEPUS. 
(Plate  LVI.) 

Number  and  Names. — The  carpus  consists  of  eight  little 
bones,  arranged  in  two  transverse  rows  of  four  bones  each,  thus 
forming  a  broad  base  for  the  support  of  the  hand.  What  is  the 
advantage  of  so  many  bones  in  the  wrist  ?  It  confers  strength 
and  elasticity  and  permits  some  motion.  The  contiguous  surfaces 
are  crusted  with  cartilage  and  form  synovial  joints.  Suppose 
there  had  been  a  single  bone  instead  of  the  eight  carpal  bones, 
how  much  more  liable  it  would  have  been  to  fracture  and  dislo- 
cation. As  it  is,  dislocation  of  one  or  more  bones  of  the  carpal 
range  is  a  rare  occurrence ;  but  it  does  happen  sometimes.  Sir 
C.  Bell  tells  us  that  '  the  boy  that  played  the  dragon  in  a  panto- 
mime at  Covent  Garden,  fell  upon  his  hands,  owing  to  the 
breaking  of  the  wire  that  suspended  him,  and  he  sufl'ered  dislo- 
cation of  some  of  the  carpal  bones  in  both  hands.' 
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The  bones  of  the  carpus  are  named  as  follow,  begmnmg  from 
the  radial  side : 

First  on  Peoximal  Bow    .  '  Sc.^hoid,'  '  semilunak,'  'cuneiform,'  'pisiform.- 
Second  oe  Distal  Eow     .  'Trapezium,'  'trapezoid,'  '  os  magnum,'  'unciform.' 

The  student  will  obtain  a  better  idea  of  the  general  shape 
and  arrangement  of  these  bones  by  examining  them,  at  first, 
collectively.  For  this  purpose  it  is  very  desirable  that  he  should 
have  before  him  an  articulated  hand,  as  well  as  the  separate 
bones. 

Carpal  Arch. — The  outline  of  the  carpus  as  a  whole  is 
oblong,  with  the  broad  diameter  in  the  transverse  du-ection.  Its 
bones  are  wedged  together,  and  so  form  an  arch  with  the  con- 
cavity towards  the  palm,  which  gives  passage  to  the  flexor 
tendons  of  the  fingers.  Fig.  3  in  Plate  XXXVIII.  shows  that 
the  piers  of  the  arch  are  formed  on  one  side  by  projections  from 
the  scaphoid  and  trapezium  ;  on  the  other,  by  the  pisiform  and 
the  hook  of  the  unciform.  The  arch  is  converted  into  a  complete 
tunnel  by  the  anterior  annular  ligament. 

Radio-carpal  Joint. — To  begin  with  the  bones  of  the  first 
row.  Excluding  the  pisiform,  which  is  only  an  outstanding 
'  sesamoid  '  bone,  it  wiU  be  seen  that  the  scaphoid,  semilunar  and 
cuneiform  bones  form  a  convex  articular  surface,  which,  with  the 
lower  end  of  the  bones  of  the  forearm,  forms  the  radio-carpal 
joint.  This  joint  admits  not  only  of  the  movements  of  flexion 
and  extension,  but  also  of  the  horizontal  movements  of  the  wrist 
(abduction  and  adduction).  The  upper  articular  surfaces  of  the 
first  row  of  bones  are  j)rolonged  farther  down  their  dorsal  than 
their  palmar  aspect :  hence  the  free  movement  of  extension  at 
the  wrist.  The  articular  surfaces  of  the  scaphoid  and  semilunar 
bones  fit  into  the  radius ;  while  that  of  the  cuneiform,  which  is 
the  least  extensive  of  the  three,  would  articulate  with  the  ulna, 
but  for  the  intervention  of  the  triangular  fibro-cartilage  attached, 
in  the  recent  state,  to  the  lower  end  of  the  ulna.  The  bones  of 
the  first  row  articulate  with  each  other  by  plane  surfaces  crusted 
with  cartilage,  but  they  are  so  firmly  connected  by  Ugaments  that 
there  is  very  little  movement  between  them. 
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Intercarpal  Joint. — Collectively,  the  lower  ends  of  the  first 
row  form,  with  the  hones  of  the  second  row,  an  important  movable 
joint,  which  we  call  the  '  intercarpal.'  It  is  very  different  in 
form  from  the  first  joint  (radio-carpal)  of  the  wrist,  since  its 
outline  is  alternately  convex  and  concave.  By  means  of  this 
second  joint  we  get  a  great  range  of  flexion  and  extension  at  the 
wrist.  If  there  had  been  only  a  single  joint  for  this  amount  of 
motion,  it  would  have  been  comparatively  insecure,  and  very 
liable  to  dislocation,  whereas  dislocation  of  the  wrist  happens 
very  rarely  mdeed.  By  reference  to  Plate  LVI.  it  is  seen  that 
the  lower  part  of  the  scaphoid  has  a  convex  articular  surface 
-which  corresponds  with  the  trapezium  and  trapezoid,  and  also  a 
concave  one,  which,  with  a  concavity  in  the  semilunar  and  cunei- 
form bones,  forms  a  deep  socket  for  the  reception  of  the  head  of 
the  OS  magnum  and  the  unciform. 

Articulations  of  First  How — The  '  scaphoid  '  articulates 
-with  five  bones,  viz.  the  '  trapezium,'  '  trapezoid,'  '  semilunar,' 
*  OS  magnum,'  and  '  radius  ; '  the  '  semilunar  '  with  five,  viz.  the 
'  scaphoid,'  '  cuneiform,'  '  os  magnum,'  « unciform,'  and  '  radius ; ' 
the  'cuneiform'  with  three,  viz.  the  'semilunar,'  'unciform,' 
and  'pisiform;'  and  the  'pisiform'  with  one,  namely,  the 
'  cuneiform.' 

In  consequence  of  the  flexors  and  extensors  of  the  wrist  being 
inserted  below  the  second  row  of  carpal  bones,  they  necessarily 
act  on  the  '  intercarpal  joint '  as  weU  as  on  the  radio-carpai. 
Thus  a  greater  amount  of  motion  is  provided  at  the  wrist  than  it 
-otherwise  could  have  possessed  with  safety.  If  such  free  motion 
had  been  given  to  one  joint,  the  angle  of  flexion  must  have  been 
great  and  the  Hgaments  looser  than  would  have  been  consistent 
with  the  security  of  the  joint. 

Bones  of  the  Second  Row.— The  trapezium  and  trapezoid 
form  a  shallow  socket  for  part  of  the  scaphoid,  wliile  the  os 
magnum  and  unciform  form  a  convexity,  which  fits  into  the  deep 
socket  formed  by  the  scaphoid,  semilunar,  and  cuneiform  in  the 
first  row.  Below,  the  second  row  articulates  with  the  metacarpal 
bones,  as  follows  :  The  trapezium  with  two,  that  of  the  thumb 
by  a  concavo-convex  surface,  and  partly  with  that  of  the  index 
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finger  ;  the  trapezoid  with ,  one,  that  of  the  forefinger ;  the  os 
magnum  with  three,  that  of  the  middle  finger,  and  besides  this- 
with  those  of  the  index  and  ring  fingers  ;  and  the  unciform  with 
two,  those  of  the  ring  and  Httle  fingers.  Thus  the  trapezium 
supports  the  metacarpal  bone  of  the  thumb  ;  the  trapezoid  that 
of  the  index  finger  ;  the  os  magnum  that  of  the  middle  finger  ; 
and  the  cuneiform  those  of  the  ring  and  little  fingers.  The  con- 
sequence is,  that  the  metacarpal  bones  present  different  degrees 
of  mobility — that  of  the  thumb  being  the  most  movable,  those 
of  the  fore  and  middle  fingers  the  least  so. 

Articulations  of  Second  Row. — Like  the  bones  of  the  first 
row,  those  of  the  second  articulate  with  each  other  by  plane 
surfaces  firmly  connected  by  ligaments.  The  trapezium  articu- 
lates with  four  bones  ;  the  trapezoid  with  four  ;  the  os  magnum 
with  seven  ;  the  unciform  with  five. 

Description  of  Individual  Bones. — Thus  far  we  have  ex- 
amined the  bones  of  the  carpus  collectively ;  let  us  now  look  at 
them  individually.  Each  bone  of  the  carjpus  is  more  or  less 
cubical  in  shape.  Hence  we  describe  six  surfaces  upon  it— 
superior,  inferior,  external,  internal,  anterior,  and  posterior.  In 
all  except  the  '  scaphoid  '  and  '  semilunar  '  the  posterior  or  dorsal 
surface  is  larger  than  the  anterior  or  palmar.  Both  these  surfaces 
likewise,  except  in  one  bone,  the  '  cmieiform,'  are  rough  all  over 
for  the  attachment  of  ligaments. 

Scaphoid  Bone. — This  bone  is  so  named  from  its  boat- 
shaped  socket  iaKd(p7],  a  boat) .  Its  sujjerior  surface  is  smooth, 
triangular,  slightly  convex,  looks  upwards  and  outwards  and 
backwards,  and  articulates  with  the  triangular  part  of  the  in- 
ferior sm-face  of  the  lower  end  of  the  radius.  The  inferior 
surface  looks  downwards,  outwards,  and  backwards,  presents  a 
four-sided  articular  facet  much  broader  behind  than  in  front,  and 
divided  by  a  slight  antero-posterior  ridge  into  a  larger  external 
quadrilateral  sm-face  for  articulation  with  the  '  trapezium '  and 
a  smaller  internal  quadrilateral  one  for  articulation  with  the 
'  trapezoid.'  Both  facets  are  slightly  convex  in  all  dii-ections. 
The  external  surface  looks  backwards,  outwards,  and  downwards, 
is  encroached  upon  by  the  superior  and  inferior  surfaces,  and  is 
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thereby  reduced  to  a  rough  groove  running  from  behind  and 
inside  forwards,  outwards,  and  slightly  downwards.    The  upper 
lip  of  the  groove  is  the  most  prominent,  and  the  entire  groove 
affords  attachment  to  hgaments.  Its  internal  surface  presents  from 
above  fii-st  a  narrow  rough  space  separating  the  superior  from  the 
external  surface  and  attaching  an  mterosseous  ligament,  next  a 
very  sHghtly  convex  semilunar  articular  facet  dh-ected  forwards 
and  uawards  to  articulate  with  the  semilunar,  and  below  a  deep 
articular  concavity  for  articulation  with  the  outside  of  the  head  of 
the  '  OS  magnmn. '  This  concavity  is  oval  m  outlme,  broader  above 
than  below,  and  somewhat  twisted,  so  that,  while  it  looks  down- 
wards, mwards,  and  backwards  above,  it  looks  upwards,  inwards, 
and  a  httle  forwards  below.  Below  this  articular  hollow  the  bone  is 
rough  for  hgamentous  attachment.    The  x>osterior  surface  is  en- 
croached upon  by  the  articular  facet  upon  the  upper  surface,  and 
merely  shows  a  narrow  rough  border  for  hgamentous  attachment, 
from  which  the  gi-oove  on  the  external  surface  starts.  The  anterior 
surface  is  triangular  in  shape,  apex  above,  base  below.  It  is  rough 
and  convex  from  side  to  side,  concave  from  above  downwards,  and 
prolonged  forwards  at  its  base  mto  a  prominence  for  the  attach- 
ment of  the  '  anterior  annular  hgament '  and  the  '  abductor 
poUicis '  muscle,  and  caUed  the  '  tuberosity  of  the  scaphoid.' 

Semilunar  Bone— The  'semilunar  'bone  maybe  told  by 
its  semilunar  shape  (whence  the  name).    The  superior  surface 
forms  a  four-sided,  articular,  and  shghtly  convex  facet,  broader 
externally  than  internally  and  in  front  than  behind,  for  articula- 
tion with  a  corresponding  surface  on  the  inferior  surface  of  the 
lower  end  of  the  '  radius.'    The  inferior  surface  shows  a  quadri- 
lateral articular  facet  concave  from  before  backwards  and  shcrhtly 
so  from  side  to  side.    It  is  divided  into  two  very  unequal  parts 
by  a  smooth  antero-posterior  ridge.    The  external  is  much  the 
larger  and  fits  a  corresponding  surface  on  the  head  of  the  '  os 
magnum.'    The  internal  part  forms  a  narrow  antero-posterior 
facet  for  articulation  with  the  narrow  upper  surface  of  the 
'  unciform.'    On  the  cxterjial  surface,  as  it  joins  the  superior 
there  is  a  narrow  rough  surface,  broadening  towards  the  front  of 
the  bone,  for  the  attachment  of  an  interosseous  ligament.  Below 
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and  parallel  with  it  is  a  semilunar  surface  slightly  concave  from 
above  downwards  and  from  before  backwards  for  articulation  with 
the  '  scaphoid.'  The  internal  surface  ioims  a  smooth  four-sided 
slightly  convex  surface  for  articulation  with  the  '  cuneiform.'  The 
anterior  and  posterior  surfaces  are  both  rough  for  ligamentous 
attachment,  the  anterior  being  more  extensive  than  the  posterior. 

Cuneiform  Bone. — The  suj^erior  surface  is  divisible  into  two 
parts — an  external,  smooth,  four-sided,  and  looking  upwards  and 
slightly  backwards  for  articulation  with  the  triangular  fibro- 
•cartilage  between  it  and  the  ulna  ;  and  an  internal,  rough  for  the 
attachment  of  ligaments.  The  inferior  surface  is  smooth  and 
articular,  concavo-convex  from  above  downwards  and  inwards 
for  articulation  with  the  'unciform.'  The  external  surface  is 
four-sided  and  slightly  concave  for  articulation  with  the  '  semi- 
lunar.' The  internal  surface  forms  a  blunt  rough  point  for 
ligamentous  attachment.  The  anterior  is  divisible  into  an  in- 
ternal articular  and  an  external  non-articular  portion.  The 
internal  portion  forms  a  rounded,  smooth,  and  very  slightly  con- 
vex surface  for  articulation  with  the  '  pisiform.'  In  some  bones 
this  is  continuous  with  the  external  articular  part  of  the  superior 
surface.  The  external  portion  is  rough  for  ligaments.  The  poste- 
rior surface  is  convex  and  rough  for  the  attachments  of  ligaments. 

Pisiform  Bone. — The  '  pisiform  bone  may  be  told  by  its 
pea  shape  (whence  its  name).    It  is  a  sesamoid  bone  developed 
in  the  tendon  of  the  '  flexor  carpi  ulnaris '  and  glidmg  on  the 
front  of  the  '  cuneiform.'    It  is  a  very  irregularly  formed  bone, 
but  if  weU  developed  presents  the  following  features:  The 
superior  surface  is  rough  and  sHghtly  hollowed  anteriorly,  while 
posteriorly  it  forms  a  smooth  facet  continuous  with  the  one  on 
the  posterior  surface  of  the  bone.    The  inferior  surface  is  rough 
and  forms  a  prominence  overhanging  the  termination  of  the 
groove  which  lies  on  the  external  surface.    The  external  surface 
slopes  backwards  and  inwards  to  a  sharp  edge  which  overhangs 
a  well-marked  but  narrow  groove  running  downwards  and  in- 
wards immediately  in  front  of  the  inner  edge  of  the  articular 
facet  on  the  posterior  surface.    The  internal  surface  is  rough 
and  sUghtly  convex.    The  anterior  surface  is  rough  and  convex, 
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especially  below.  The  postenor  surface  forms  a  rounded  and 
slightly  concave  smooth  sm-face,  continuous  with  the  smooth 
part  on  the  upper  surface  of  the  bone,  and  articulates  with  the 
'  cuneiform.'  The  '  pisiform  '  has  the  tendon  of  the  '  flexor  carpi 
ulnaris,'  the  'abductor  minimi  digiti,'  and  the  anterior  annular 
ligament  attached  to  it. 

Trapezium.— The  '  trapezium  '  (so  named  from  its  shape) 
presents  on  its  siqjerior  surface  a  smooth  four-sided  facet,  concave 
from  before  backwards  and  nearly  flat  from  side  to  side,  for 
articulation  with  the  '  scaphoid.'    The  inferior  surface  forms  a 
large  saddle-shaped  articular  facet  for  the  base  of  the  '  first 
metacarpal  bone.'    The  long  axis  of  the  saddle  runs  from  before 
backwards  and  slightly  inwards.    The  external  surface  is  rough 
and  somewhat  hollowed  for  hgamentous  attachment.    The  in- 
ternal surface  presents  above  a  large,  somewhat  smuous^urface 
sku-tmg  the  upper  and  posterior  borders,  and  concave  from  above 
downwards  for  articulation  with  the  '  trapezoid.'    Below  and  in 
front  of  this  sm-face  is  a  rough  non-articular  part  for  a  ligament, 
and  occupying  the  posterior  and  inferior  angle  is  a  small  oval, 
flat  facet  lookmg  downwards  and  uawards  for  articulation  with 
the  'second  metacarpal  bone.'    The  anterior  surface  presents  a 
smooth  gi-oove  running  downwards,  backwards,  and  a  little  in- 
wards for  the  passage  of  the  '  flexor  carpi  radiahs  '  tendon.  The 
outer  lip  of  the  groove  is  the  more  promment,  is  ordinarily 
called  the  ohlique  ridge  of  the  trapezium,  and  gives  attachment  to 
the  'anterior annular  ligament,  ' opponenspolHcis,'  'fle^ior  brevis 
poUicis,'  and  occasionally  'abductor  pollicis.'    Below  the  ^roove 
the  surface  is  rough,  and  tapers  to  a  rough  ridge  interiorly  for 
hgamentous  attachment.    The  posterior  surface  is  broad  and 
rough,  and  presents  at  each  side  a  well-marked  tubercle  Be- 
tween these  tubercles  the  surface  is  hollowed 

Trapezoid  Bone.-The  '  trapezoid  '  bone  has  a  superior  srcr- 
face,  four-sided,  and  slightly  concave  in  all  directions,  for  articu- 
lation with  the  '  scaphoid.'  The  infenor  surface  is  much  broader 
and  more  prolonged  inwards  behind  than  in  front,  convex  from 
side  to  side,  and  concave  from  before  backwards.  It  is  Hmooth 
and  articulates  with  the  posterior  surface  of  the  base  of  the 
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'  second  metacarpal  bone.'  The  external  surface  presents  a 
somewhat  L-shaped  articular  sm-face  sMrting  the  upper  and 
posterior  borders.  This  articular  surface  is  twisted,  so  that  it 
looks  outwards  and  slightly  forwards  in  front  and  outwards  and 
slightly  backwards  behind.  It  articulates  with  the  corresponding 
surface  on  the  '  trapezium.'  The  rest  of  the  surface  is  rough 
for  ligaments.  The  internal  surface  about  its  middle  makes  a 
sudden  bend  mwards.  The  surface  in  front  of  the  bend  is  quad- 
rilateral, slightly  concave  fi-om  above  downwards,  nearly  flat 
from  before  backwards,  and  looks  inwards  and  slightly  forwards. 
It  articulates  with  the  '  magnum.'  The  part  behind  the  bend 
is  rough,  and  looks  forwards  and  slightly  inwards  for  the  attach- 
ment of  a  hgament.  Sometimes  in  this  rough  part  one  notices 
a  small  oval,  flattened  facet  for  articulation  with  a  corresponding 
facet  on  the  '  magnum.'  The  anterior  surface  is  small,  quadri- 
lateral, rough,  and  slightly  raised.  It  gives  attachment  to  part 
of  the  '  flexor  brevis  pollieis.'  The  posterior  surface  is  large, 
convex,  and  rough.  It  is  prolonged  downwards  and  inwards 
into  a  prominence  so  as  to  overlap  the  '  second  metacarpal ' 
bone  behind.  The  part  of  the  bone  which  has  this  relation  to 
the  second  metacarpal  bone  is  sometimes  caUed  the  tuberosity  or 
peak  of  the  trapezoid. 

Os  Mag-num. — The  '  os  magnum  '  is  the  largest  and  most  im- 
portant of  all  the  carpal  bones.  It  lies  directly  in  the  axis  of  the 
hand,  and  articulates  with  seven  bones.  Its  large  round  '  head ' 
forms  the  ball  for  the  socket  in  the  scaphoid  and  semilunar  above. 
Its  superior  surface  is  smooth,  articular,  and  convex  in  all  direc- 
tions, but  especially  from  before  backwards.  It  encroaches  more 
on  the  posterior  than  on  the  anterior  aspect  of  the  bone,  and 
articulates  with  the  '  semilunar.'  The  inferior  surface  presents 
three  very  unequal  articular  facets,  continuous,  however,  with  one 
another.  The  central  facet  is  the  largest.  It  is  triangular  m 
shape  with  the  apex  forwards,  shghtly  concave  from  before  back- 
wards, and  nearly  flat  from  side  to  side.  It  looks  dkectly 
towards  the  metacarpus  and  articulates  with  the  '  third  meta- 
carpal bone.'  The  external  facet  is  the  second  in  size.  It  cuts 
off  the  border  which  separates  the  inferior  from  the  external 
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surface.    The  facet  lies,  therefore,  on  the  anterior  and  exter- 
nal angle  of  the  lower  surface.    It  is  sHghtly  concave  in  all 
directions  and  more  or  less  triangular  in  shape,  looking  forwards 
and  outwards  for  articulation  with  the  second  metacarpal  bone. 
The  internal  is  the  smallest  of  the  three  facets.    It  hes  on  the 
posterior  and  internal  angle  of  the  lower  surface.    It  is  triangu- 
lar in  shape,  and  looks  forwards  and  slightly  inwards,  articulating 
with  the  fom-th  metacarpal  bone.    The  external  surface  presents 
above  a  convex,  smooth,  fom-- sided  space,  facmg  upwards  and 
outwards  and  a  httle  backwards,  for  articulation  with  the  hollow 
of  the  '  scaphoid.'    Below  and  continuous  with  this  sm-face  is 
another  quadrilateral  smooth  space,  convex  from  before  back- 
wai-ds  and  shghtly  concave  from  above  downwards,  for  articula- 
tion with  the  '  trapezoid.'    Immediately  behind  this  sm-face,  the 
bone  is  rough  for  hgamentous  attachment.    The  internal  surface 
as  a  whole  is  flattened.    It  is  divided  into  an  anterior  rough  and 
uneven  part  for  the  attachment  of  hgaments,  and  into  a  posterior 
part,  which  in  its  upper  two-thirds  shows  a  flattened,  elon- 
gated, and  somewhat  twisted  sm-face  for  articulation  with  the 
'  unciform,'  and  in  its  lower  third  an  irregular  and  rough  sm-face 
prolonged  backwards  for  the  attachment  of  ligaments.  The 
anterior  surface  is  rough.    It  presents  a  transverse  rough  groove 
immediately  below  the  articular  surface  on  the  summit  of  the 
head,  and  below  it  is  bulged  forwards  and  uneven  for  the  attach- 
ment of  Hgaments  and  part  of  the  '  flexor  brevis  polhcis.'  The 
posterior  surface  is  much  broader  than  the  anterior.    It  is  con- 
cave from  above  downwards,  especiaUy  just  below  the  articular 
surface  on  the  summit  of  the  head.    It  is  rough,  especially  ex- 
ternally, and  shows,  as  do  all  the  non-articular  surfaces  of  carpal 
bones,  a  few  well-marked  nutrient  foramina. 

Unciform  Bone.— The  '  unciform  '  bone  may  be  told  by  its 
remarkable  hook-like  process ;  whence  its  name.  Its  superior  sur- 
face forms  a  mere  articular  edge,  with  its  long  axis  sloping  down- 
wards, backwards,  and  a  little  inwards,  for  articulation  with  the 
'semilunar.'  Its  ivferior surface  presents  a  quadrilateral  articular 
facet,  concave  from  before  backwards  and  somewhat  convex  from 
side  to  side.    It  is  subdivided  by  a  low  antero-posterior  ridge 
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into  an  external  part  for  articulation  with  the  '  fourth  metacarpal,' 
and  an  internal  part  for  articulation  with  the  '  fifth  metacarpal ' 
bone.  The  external  surface  presents  in  its  upper  two-thirds  a 
quadrilateral  and  somewhat  sinuous  facet  for  articulation  with 
the  corresponding  surface  on  the  '  magnum.'  In  its  lower  third, 
and  extending'  also  to  the  upper  edge  close  to  the  XDOsterior 
border  of  the  bone,  the  surface  is  rough  for  the  attachment  of 
interosseous  ligamentous  fibres.  The  internal  surface  presents 
a  large  fom'-sided  facet,  smooth,  broader  above  than  below, 
and  twisted  so  that  it  looks  inwards  and  slightly  backwards 
above,  inwards  and  slightly  forwards  below,  for  articulation 
with  the  '  cuneiform.'  It  is  convex  in  aU  directions  above,  and 
concave  both  vertically  and  laterally  below.  Immediately  above 
the  lower  edge  of  the  internal  surface  the  bone  is  rough  and 
continuous  with  the  internal  surface  of  the  unciform  process. 
The  anterior  surface  is  triangular  in  shape  and  rough  for 
ligaments.  Eising  from  its  inferior  and  internal  angle  is  the 
'  unciform  process.'  This  is  a  hooked  process  flattened  from 
side  to  side,  concave  and  smooth  externally  for  the  passage  of 
the  flexor  tendons.  Internally  it  is  slightly  convex  and  rough. 
Anteriorly  it  presents  a  roughened  edge  for  the  attachment  of  the 
'  anterior  annular  Hgament,'  '  flexor  brevis,'  and  '  opponens  minimi 
digiti '  muscles.  The  posterior  surface  is  triangular  in  shape,  and 
marked  by  slight  eminences  and  depressions  for  the  attachment 
of  dorsal  ligaments. 

muscles  attached  to  the  Carpal  Bones — No  muscles  are 
connected  with  the  dorsal  surface  of  the  carpus.  On  the  palmar 
aspect  the  pisiform  gives  insertion  to  the  '  flexor  carpi  ulnaris,' 
and  origm  to  the  '  abductor  minimi  digiti.'  The  trapezium  gives 
origin  by  its  '  ridge '  to  the  '  opponens  poUicis,'  sometimes  to  parts 
of  the  'abductor  pollicis,' and  outer  head  of  the  'flexor  brevis 
poUicis ; '  the  trapezoid  and  os  magnum  to  the  '  flexor  brevis 
poUicis.'  The  unciform  gives  origin  by  its  process  to  the  '  flexor 
brevis  minimi  digiti '  and  to  the  '  opponens  minimi  digiti.' 

Ossification.— The  carpus  is  entirely  cartilaginous  at  birth. 
Each  bone  ossifies  from  a  single  nucleus.  The  nucleus  of  the  os 
magnum  appears  in  the  first  year ;  that  of  the  unciform  m  the 
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second;  that  of  the  cuneiform  in  the  third;  those  of  the  trape- 
zium and  semihinar  in  the  fifth ;  that  of  the  scaphoid  in  the 
sixth  or  seventh ;  that  of  the  trapezoid  in  the  seventh  or  eighth ; 
that  of  the  pisiform  in  the  twelfth.  This  is  the  last  bone  in  the 
body  to  ossify.  The  '  os  centrale,'  lying  in  the  tyincal  carjms 
between  the  bones  of  the  first  and  second  row,  is  present  in  man 
as  a  small  cartilage,  situated  between  the  '  trapezium,' '  trapezoid,' 
'  magnum  '  and  '  scaphoid '  at  the  second  month,  and  disappears 
about  the  fourth  month  of  foetal  Hfe.  In  rare  cases  it  persists  as 
a  separate  bone  in  the  adult.  Again,  a  part  of  the  '  scaphoid,' 
corresponding  to  its  tuberosity,  may  remain  separate,  and  repre- 
sents the  '  radial  sesamoid  '  of  Gegenbaur. 

Comparative  Osteolog-y. — In  many  of  the  Carnivora,  as  the 
seal,  wah-us,  tiger,  and  dog,  the  scaphoid  and  lunar  are  anchy- 
losed  into  one  mass.  In  the  bat,  the  scaphoid,  kuiar,  and  cunei- 
form form  only  one  bone.  In  the  dugong,  all  the  carpal  bones  are 
anchylosed  into  three  bones,  the  distal  row  being  in  one  piece. 

In  birds,  as  in  other  animals,  they  are  diminished  in  number 
according  to  the  disappearance  of  the  digits  which  each  usually 
supports. 

The  carpus  of  the  orang  utan,  baboon,  several  other  monkeys 
and  reptiles,  contains  one  more  bone  than  that  of  man,  which 
seems  due  to  the  division  of  the  scaphoid  into  two  parts  :  it  is 
known  as  the  os  centrale.    (See  Separate  Series,  Mus.  Eoy.  Coll 
Surg.) 


THEMETACAEPUS. 
(Plates  LIV.,  LV. 

The  metacarpus  consists  of  the  five  bones  which  support  the 
phalanges  of  the  thumb  and  fingers.  They  are  described  as  the 
first,  second,  third,  fourth,  and  fifth,  counting  from  that  of  the 
thumb,  or  as  metacarpal  bones  of  the  thumb,  index,  middle, 
ring,  and  little  fingers;  and,  regarding  them  as  'long  bones,' 
which  they  mucli  resemble  in  their  general  structure,  we  speak 
of  their  shafts  and  their  two  ends ;  the  upper  end  being  termed 
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the  '  base  '  '  ov  prpximal  end,'  the  lower  the  '  head  '  or  '  distal 
end  '  of  the  bone. 

Shafts. — The  '  shafts  '  are  sHghtly  concave  towards  the  palm, 
formmg  the  hollow  of  the  hand.  They  are  made  somewhat 
triangular  on  section  by  the  impressions  of  the  '  interosseous  ' 
muscles,  which  occupy  the  '  interosseous  spaces.'  The  apex  of 
the  triangle  is  on  the  palmar  surface,  the  base  on  the  dorsal  sur- 
face forming  the  support  of  the  extensor  tendons  of  the  fingers. 
We  consequently  describe  anterior,  inUrnal,  and  external  borders 
separating  internal,  external,  and  posterior  surfaces.  The 
anterior  border  is  curved  backwards  in  its  long  axis.  It  begins 
behind  by  two  branches  enclosing  a  rough  space  on  the  palmar 
surface  of  the  base,  is  sharp,  prominent  in  the  middle  of  the 
shaft,  and  termmates  anteriorly  by  two  branches  running  each  to 
its  own  condyle  at  the  distal  end  of  the  bone.  The  internal  and 
external  borders  begin  behind  on  either  side  of  the  base  of  the 
bone,  and  are  rather  rounded  posteriorly,  sharp  and  prominent 
anteriorly,  where  they  terminate  in  the  tubercles  of  the  distal 
end.  The  internal  and  external  surfaces  are  both  seen  when  look- 
ing at  the  bone  in  its  palmar  aspect.  They  are  somewhat  con- 
cave antero-posteriorly  and  convex  from  side  to  side.  They  are 
smooth,  and  give -attachment  to  the  interosseous  muscles.  The 
'  medullary  foramina '  of  the  second,  third,  fourth,  and  fifth  meta- 
carpal bones  are  usually  situated  about  the  middle  of  the  external 
surfaces,  close  to  the  external  borders,  and  directed  obhquely  to- 
wards the  base.  In  the  metacarpal  bone  of  the  thumb  the  '  me- 
dullary foramen  '  is  generally  seen  on  the  internal  surface  near  the 
'  internal  border,'  and  directed  obUquely  towards  the  distal  end. 
The  posterior  surface,  enclosed  by  the  inner  and  outer  borders, 
is  bowed  backwards  in  its  long  axis.  It  is  divided  into  three 
parts  by  three  lines.  A  vertical  line,  which  begins  in  the  middle 
of  the  posterior  surface  of  the  bone,  runs  vertically  down  the 
middle  of  the  posterior  surface  in  its  posterior  third,  and  then 
divides  into  two  branches  which  terminate  in  the  tubercles  of 
the  distal  end.  Three  surfaces  are  thus  marked  off— two  pos- 
teriorly, which  are  hollowed  from  back  to  front  and  give  origui 
to  interosseous  muscles ;  and  one  anterior,  which  is  large,  tri^ 
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angular,  flattened,  and  covered  by  the  tendon  of  the  '  extensor 
communis  digitorum '  muscle.    The  posterior  surfaces  of  the 
Jirst  and  Jifth  metacarpal  bones  are  not  thus  mapped  out,  as  we 
shall  see  in  their  description. 

Bases. — The  '  bases '  are  cubical  in  shape  with  their  ante- 
rior surfaces  less  than  their  posterior  ones,  and  both  rough  for 
ligamentous  attachment.  They  articulate  not  only  with  the 
bones  of  the  carpus  by  their  superior  surfaces,  but,  by  articular 
facets  on  their  inner  and  outer  surfaces  with  each  other  :  that 
of  the  thumb,  however,  stands  out  alone,  so  as  to  oppose  all  the 
others.  It  is  one  of  the  great  characteristics  of  the  hand  of 
man,  that  the  point  of  the  thumb  can  touch  with  perfect  ease 
the  tips  of  all  the  fingers. 

Heads. — The  lower  ends  or  '  heads  '  are  rounded  for  articu- 
lation with  the  first  phalanges  of  the  fingers.  The  articular 
sm-faces  of  the  heads  extend  chiefly  towards  the  palm,  and  are 
broader  on  that  aspect  than  on  the  dorsal  side.  They  run  back, 
too,  upon  the  palmar  surfaces  of  the  heads  as  lateral  projections 
termed  the  '  condyles,'  which  are  grooved  antero -posteriorly  for 
sesamoid  bones  where  such  bones  exist.  They  allow  the  fingers 
not  only  to  be  flexed  and  extended,  but  to  be  moved  laterally, 
the  latter  motion  being  especially  well  seen  when  the  metacarpo- 
phalangeal joint  is  extended.  On  each  side  of  the  heads  are  a 
tubercle  and  a  deep  pit  for  the  attachment  of  the  thick  and 
strong  lateral  ligaments. 

Let  us  now  look  at  the  features  peculiar  to  the  individual 
metacarpal  bones. . 

Metacarpal  Bone  of  the  Thumb. — Viewed  generally  it  is 
the  shortest,  stoutest,  and  broadest  of  all  the  metacarpal  bones. 
Its  hase  presents,  superiorly,  a  saddle-shaped  surface  much  pointed 
forwards,  and  broader  externally  than  internally,  for  articulation 
with  the  trapezium.  It  shows  no  articular  facets  on  the  sides  of 
its  base,  but  externally  there  is  a  rough,  oval  depression  for  the 
insertion  of  the  '  extensor  ossis  metacarpi  pollicis.' 

Its  distal  end  is  much  flattened  from  before  backwards,  and 
shows  well-marked  condyles,  with  an  antero-posterior  groove  on 
each,  for  articulation  with  the  sesamoid  bones  which  are  developed 
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BASE   OF  FIRST 
EiaHT  META- 
CAEPAL,  OUTER 
SIDE. 


in  connection  with  the  tendons  crossing  the  front  of  the  metacarpo- 
phalangeal articulation  of  the  thumb.    The  shaft  too  is  much 
Fig.  G5.      flattened,  so  that  its  anterior  border  is  ill  marked. 
I-  To  its  outer  surface  we  have  attached  the  '  opponens 

poUicis,'  and  to  its  inner  the  first  '  dorsal  inter- 
osseous '  or  '  abductor  indicis '  muscle.  There 
are  no  less  than  nine  muscles  to  work  the  thumb. 
Its  gxeat  mobility  in  all  directions,  so  essential  to 
the  power  and  perfection  of  the  human  hand, 
depends  upon  this  saddle-shaped  joint  at  its  base  ; 
and  its  power  of  antagonising  the  fingers  is  owing^ 
to  its  base  being  set  off  on  a  plane  anterior  to  them. 
But  for  a  httle  buttress  of  bone  which  projects  from 
the  inner  and  front  part  of  the  trapezium,  the  thumb 
would  fall  into  the  same  luae  as  the  fingers,  and  would  not  pos- 
sess that  power  of  opposing  them  which  makes  the  human  hand 
such  a  wonderful  instrument.^® 

Metacarpal  of  Tore-fing-er. — The  metacarpal  bone  of  the-- 
fore-finger  is  the  longest  of  all  the  metacarpal  bones.    Its  base 
Fig.  66.    presents  superiorly  an  antero-posterior  groove,  wider 
II.       behind  than  in  front  and  mclining  inwards  posteriorly, 
for  articulation  with  the  '  trapezoid.'    The  outer  lip  of 
this  groove  is  the  lower,  and  is  marked  by  a  facet  looking, 
forwards  and  upwards  for  articulation  with  the  '  tra- 
pezium.'   The  inner  lip  projects  upwards  and  is  ar- 
ticular along  its  edge,  for  the  '  external  angular  facet ' 
of  the  'OS  magnum.'    The  anterior  surface  is  rough 
for  the  insertion  of  the  tendon  of  the  '  flexor  carpi 
BASE  OP,  j.a^(jiahs.'    The  posterior  surface  is  also  rough  and 

SECOND  BIGHT  „     ,  ,  -,  ^  l      x-  j.1 

METACARPAL,  prcseuts  extemally  a  flattened,  rough  mark  for  the 
INNER  SIDE,  msertion  of  the  '  extensor  carpi  radialis  longior,'  and 
internally  a  smaller  rough  space,  looking  towards  the  third 
metacarpal  bone,  for  the  insertion  of  part  of  the  tendon  of  the 
'  extensor  carpi  radialis  brevior.'  Externally  the  base  presents 
710  facet  for  articulation  with  the  first  metacarpal,  but  internally 
it  has  a  well-marked  articular  surface,  notched  below,  for  the 
third  metacarpal. 
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The  shaft  and  distal  end  present  the  characters  common  to 
all  metacarpal  bones.  The  external  surface  of  the  shaft  gives 
origin  to  the  first  '  dorsal  interosseous,'  and  the  internal  surface 
to  the  second  '  dorsal '  and  first  '  palmar  interosseous '  muscles 
(figs.  73,  74). 

metacarpal  of  laiddle  Ping-er. — The  metacarpal  bone  of  the 
middle  finger  is  second  in  length  of  all  the  metacarpal  bones. 
Its  base  presents  superiorly  a  four-sided,    p^^^  Pjs_  gg. 

somewhat  sinuous  surface  for  articulation  m.  m. 
with  the  'OS  magnum,'  while  its  posterior 
and  external  angle  rises  up  into  a  blunt 
projection,  overlapping  the  posterior  surface 
of  the  '  OS  magnum '  from  below,  and  called 
the  '  tuberosity '  or  '  peak '  of  the  third 
metacarpal  bone.  Anteriorly  the  base  is 
rough  and  bulged  forwards  for  the  insertion 
of  a  few  fibres  of  the  tendon  of  the  '  flexor  °^™^ 
carpi  radialis '  and  the  origin  of  part  of  the 
'  flexor  brevis  pbllicis  '  muscle.  Posteriorly 
the  base  is  rough  and  shows  externally  a  depressed  rough  surface^ 
running  upon  the  back  of  the  'peak'  for  the  insertion  of  the 
extensor  '  carpi  radialis  brevior.'  The  sides  of  the  base  present 
the  appearances  shown  in  figs.  67  and  68.  There  is  nothing 
peculiar  to  notice  on  the  distal  end  and  shaft  of  the  bone.  The 
outer  and  inner  surfaces  of  the  shaft  give  origin  to  the  second 
and  third  '  dorsal  interosseous'  respectively  (figs.  73,  74).  The 
anterior  border  gives  origin  in  its  upper  fourth  to  the  'flexor 
brevis  poUicis,'  and  in  its  lower  three-fourths  to  the  '  adductor 
poUicis.' 

Metacarpal  of  Ring-  Fing-er. — The  metacarpal  bone  of  the 
ring  finger  presents  on  the  superior  surface  of  its  base  a  four- 
sided  flattened  surface,  for  articulation  with  the  '  unciform.' 
Outside  this  facet  is  a  deep,  rough,  antero-posterior  groove,  and, 
external  to  it,  are  the  upper  edges  of  the  facets  upon  the  exter- 
nal surface  of  the  base.  The  upper  edge  of  the  posterior  facet  is 
cut  off  obliquely,  so  as  to  present  a  small  flat  facet,  looking  back- 
wards, upwards,  and  outwards  for  articulation  with  the  '  os 
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Fig.  69. 

IV. 


INNEE  SIDE.     OTITEB  SIDE. 

BASE  OP   FOUBTH  EIGHT 
METACABPAIi. 


The  outer  surface  of  the  base  shows  two  oval  flattened 
facets  separated  from  one  another  by  a  deep  vertical  groove  con- 
tmuous  with  the  horizontal  one  on  the 
superior  surface  of  the  base.  These  isolated 
facets  are  for  articulation  with  the  third 
metacarpal.  The  inner  surface  presents 
a  single  large  facet  rather  hollowed  m 
every  direction  for  articulation  with  the 
outside  of  the  base  of  the  fifth  meta- 
carpal. The  rest  of  the  base,  the  shaft, 
and  distal  extremity  offer  nothing  pecuHar 
for  description.  The  outer  surface  of 
the  shaft  gives  attachment  to  the  second 
'  palmar  '  and  the  third  '  dorsal  inter- 
osseous,' the  inner  to  the  fourth  '  dorsal  interosseous  '  (figs.  65, 
€6,  69,  70). 

Metacarpal  of  Iiittle  Ping-er. —  The  metacarpal  bone  of  the 
little  finger  has  upon  the  superior  surface  of  its  hase  a  saddle- 
shaped  surface  with  the  convexity  running 
from  before  backwards  and  inwards  for  arti- 
culation with  the  *  unciform  '  bone.  Exter- 
nally the  base  has  a  single  oblong,  flattened 
facet  for  articulation  with  the  fourth  meta- 
carpal. Internally  it  projects  into  a  rough 
low  ridge  for  the  attachment  of  the  '  ex- 
tensor carpi  uhiaris.'  The  only  other  pecu- 
liar feature  noticed  on  the  fifth  metacarpal 
bone  is  that  the  posterior  surface  shows  a 
smgle  oblique  line  runnmg  from  above  down- 
wards and  outwards ;  the  surface  outside  the  line  givmg  attach- 
ment to  the  fourth  '  dorsal '  and  third  '  palmar  mterosseous ' 
muscles  (figs.  69,  70) .  In  well-marked  bones  there  is  a  second 
oblique  line  running  from  near  the  upper  end  of  the  '  obhque 
line '  downwards  and  inwards,  and  marking  off  a  space  internal 
to  it  for  the  insertion  of  the  '  opponens  minimi  digiti.' 

Ossification.— Each  metacarpal  bone  has  a  centre  of  ossifi- 
cation for  the  shaft  and  proximal  end,  which  appears  near  the 
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distal  end  about  the  eighth  week  of  foetal  Hfe.  Each  also  has  an 
epiphysis  at  its  distal  end,  of  which  the  nucleus  appears  about 
the  third  to  the  fifth  year.  The  metacarpal  bone  of  the  thumb, 
however,  has  its  epiphysis  at  the  proximal  end,  like  the  phalanges 
of  the  fingers.  All  unite  to  the  shafts  about  the  twentieth  year.*^^ 
(Xor.  Hum.  Ost.  No.  54.)  Very  often  there  is  a  distal  epiphysis 
appearing  in  the  metacarpal  bone  of  the  thumb  about  the  eighth 


Fig.  73.  Fig.  74. 


FOTJE  DOESAIi  INTEEOSSEI  THBEE  PAMIAE  INTEEOSSEI 

DBAWrSG  FEOM  THE  MIDDLE  LINE.       DRAWING  TOWAEDS  THE  MIDDLE  LJNE. 

year,  and  an  epiphysis  at  the  proximal  end  of  the  second  metacar- 
pal about  the  same  time. 

Comparative  Osteolog-y. — In  all  birds  excepting  the  extinct 
archseopteryx  the  metacarpal  bones  are  anchylosed  together. 
(See  the  Separate  Series  in  the  Mus.  Eoy.  Coll.  Sarg.) 

Contrast  the  short  metacarpal  bones  of  the  elephant  with  the 
enormou.sly  long  ones  of  the  horse  or  giraffe. 
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(Plate  LIV.) 

General  Description. — Each  finger  consists  of  three  bones, 
successively  decreasing  in  size,  and  termed  respectively  the  first, 
or  proximal,  the  second,  and  the  last,  or  third  or  ungual  '  pha- 
langes.' The  thumb  has  only  two  phalanges.  A  general 
description  will  suffice  for  all. 

The  structure  of  each  phalanx  is  precisely  like  that  of  the 
great  long  bones,  and  a  longitudinal  section  through  one  of  them 
would  display  the  great  thickness  of  the  compact  wall  of  the 
shaft. 

Considering  the  phalanges  as  '  long  '  bones,  we  speak  of  their 
shafts  and  their  articular  ends.  The  shafts  are  convex  on  the 
dorsal  surface,  and  flat  on  the  palmar  •  on  each  side  of  this  flat 
surface  is  a  ridge  for  the  attachment  of  the  fibrous  sheath  (theca), 
which  keeps  the  tendons  in  their  places. 

rirst  S*lialang-es. — The  first  phalanges  are  distinguished  by 
their  greater  length,  and  by  the  shape  of  their  metacarpal  ends, 
which  do  not  form  strictly  hinge-joints,  but  have  concave  oval 
surfaces,  with  the  long  diameters  transverse,  adapted  for  lateral 
movement  as  well  as  flexion  on  the  heads  of  the  metacarpal  bones. 
In  accordance  with  this  lateral  movement,  we  observe,  on  each 
side,  a  tubercle  for  the  insertion  of  the  interosseous  muscles 
which  produce  it.  The  articular  surfaces  of  the  distal  ends 
encroach  more  upon  the  palmar  than  on  the  dorsal  surface,  and 
are  divided  by  a  shallow  groove  into  two  condyles.  On  each 
side  of  the  distal  ends  are  tubercles  and  depressions  for  the 
attachment  of  lateral  ligaments.  The  base  of  the  metacarpal 
phalanx  of  the  thumb  is  rough  externally  for  the  insertion  of  the 
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^  abductor  indicis  '  and  outer  head  of  the  '  flexor  brevis  poUicis,' 
and  mternally  for  the  insertion  of  the  '  adductor  indicis  '  and 
inner  head  of  the  '  flexor  brevis  polhcis.'  Posteriorly  the  base 
shows  a  rough  triangular  depression  for  the  insertion  of  the 
tendon  of  the  '  extensor  primi  internodii  polhcis,' 

Second  Phalang-es. — The  second  phalanges  are  shorter  than 
the  first,  and  are  recognised  by  the  shape  of  their  proximal  ends, 
each  of  which  has  two  little  concave  surfaces,  with  an  intervening 
ridge,  encroaching  more  on  the  palmar  than  on  the  dorsal  sur- 
faces, and  so  forming  hinges  with  the  little  condyles  of  the  first 
phalanges.  On  each  side  of  the  palmar  surfaces,  close  to  the 
lateral  borders  and  placed  rather  behind  the  middle  of  the  shafts, 
are  rough  ridges  for  the  insertions  of  the  tendons  of  the  '  flexor 
sublimis  digitorum.'  The  first  phalanges  have  only  one  articular 
surface  at  then-  proximal  ends,  and  are  thus  distinguished  from 
the  second.  The  posterior  surfaces  of  the  second,  third,  fourth, 
and  fifth  present,  close  to  the  proximal  articular  surfaces,  trans- 
verse ridges  for  the  attachment  of  the  'extensor  communis  digit- 
orum '  tendons — that  on  the  index  finger  attaching  the  '  extensor 
indicis  '  tendon  as  well. 

Third  Phalang-es — The  last  or  ungual  phalanges  are  the 
shortest.  Each  of  their  distal  ends  expands  into  a  horse- shoe  shape, 
smooth  on  one  surface  for  the  support  of  the  nails,  and  rough  on 
the  other  for  the  support  of  the  pulp  of  the  fingers.  Anteriorly 
their  bases  are  rough  for  the  attachment,  on  the  four  outer  fingers, 
of  the  '  flexor  profundus  digitorum,'  and  posteriorly  the  '  extensor 
communis  digitorum,'  with  the  'extensor  indicis  '  on  the  index 
finger.  The  base  of  the  last  phalanx  of  the  thumb  presents 
anteriorly  a  large  rough  depression'  for  the  insertion  of  the 
'  flexor  longiis  pollicis,'  and  posteriorly  a  rough  transverse  ridge 
for  the  insertion  of  the  '  extensor  secundi  internodii  pollicis.' 

Unequal  I.en^th  of  Ting-ers — It  has  been  asked,  ^Vhat  are 
the  advantages  of  the  fingers  Ijeing  of  unequal  length  ?  Close 
them  upon  the  palm,  and  then  see  Avhether  or  not  they  correspond. 
This  difference  in  the  length  of  the  fingers  serves  a  thousand 
purposes,  to  which  the  works  of  human  art  and  industry  bear 
ample  testimony. 
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Ossification. — Each  phalanx  has  two  centres  of  ossification  : 
one  for  the  shaft  and  distal  end,  appearing  about  the  eighth  week  ; 
the  other  for  the  proximal  end,  appearing  from  the  thhd  to  the 
fifth  year,  and  remaining  an  epiphysis  till  about  the  twentieth 
year.™    (Nor.  Hum.  Ost.  No.  54.) 

Comparative  Osteolog-y. — In  the  Separate  Series  in  the  Mus. 
Eoy.  Coll.  Surg,  it  will  be  seen  that  the  elephant  has  five  digits ; 
the  elk  four,  viz.  the  2nd,  Brd,  4th,  and  5th  ;  the  ox  two,  the  Brd 
and  4th  ;  the  rhinoceros  three,  the  2nd,  3rd,  and  4th ;  the  tapu- 
four,  the  2nd,  3rd,  4th,  and  5th ;  the  zebra  and  horse  one, 
the  3rd. 

The  flipper  of  the  whale,  which  corresponds  to  the  front  limb, 
has  no  nails  ;  some  of  the  digits  have  more  than  three  phalanges, 
(See  the  round-headed  whale.  No.  2988  B,  and  the  lesser  fin- 
whale.) 

Bats  (Cheiroptera)  have  their  four  ulnar  digits  very  much 
elongated,  forming  the  framework  for  the  wing.  At  least  three 
of  these  digits  bear  no  nails.  The  hook  at  the  top  of  the  bat's 
wing  is  the  thumb-nail.  (See  Sep.  Ser.  Mus.  Eoy.  Coll.  Sm-g., 
as  well  as  Nos.  3383,  3419.) 

In  the  digitigrade  Carnivora,  as  the  tiger  and  cat,  the  sharp 
claws  are  firmly  fixed  into  the  ungual  phalanges,  and  these  are 
under  ordinary  circumstances  bent  backwards  on  to  the  back  and 
outer  side  of  each  corresponding  second  phalanx  by  an  elastic 
ligament,  and  are  thus  held  out  of  the  way  as  long  as  the  flexor 
profundus  digitorum  remains  at  rest. 

When  a  cat  pats  you  m  play  she  only  uses  the  flexor  sublimis 
digitorum  ;  but  when  she  claws  you  in  anger  she  uses  her  flexor 
profundus  digitorum,  which  flexes  the  ungual  phalanx  and  brings 
down  the  claw. 

That  which  is  commonly  called  the  knee  in  the  horse,  is  really 
the  wrist.  From  this  joint  down  to  the  foot  extends  the  greatly 
elongated  third  metacarpal  bone. 

In  birds  these  fingers  can  be  traced  as  forming  the  extremity 
of  the  wing.    (See  Sep.  Ser.  Mus.  Eoy.  Coll.  Surg.) 

The  phalanges  were  very  numerous  in  the  Ichthyosauria. 
(Pal.  Ser.  No.  222,  Mus.  Eoy.  Coll.  Surg.) 
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SESAMOID  BONES. 
(Plate  LIV.) 

Position  and  Use. — These  little  bones  are  so  called  from 
their  resemblance  in  size  and  shape  to  the  grain  '  sesamum.' 
They  are  met  with  in  the  substance  of  tendons  in  the  neighbour- 
hood of  joints — the  'patella,'  or  'knee-pan,'  being  the  best  ex- 
ample. Their  use  is  to  increase  the  leverage  of  the  tendons. 
The  thumb  has  two  of  these  bones  beneath  its  metacarpal  joint, 
which  increase  the  leverage  of  the  '  flexor  brevis  pollicis.'  We 
rarely  find  any  in  the  fingers. 

Comparative  Osteolog-y. — Of  all  animals,  the  mole  has  the 
most  remarkable  apparatus  of '  sesamoid  '  bones.  Its  prodigiously 
strong  diggmg  feet  are  provided  with  many  of  them,  which  in- 
crease the  leverage  of  the  brachial  muscles,  and^enable  the  animal' 
almost  to  swim  through  the  earth. 
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GENERAL  SURVEY  OF  THE  SKELETON. 


A  GENEEAL  survey  of  the  human  skeleton  shows  how  admu-ably  it 
is  adapted  to  the  erect  attitude. 

Adaptation  of  the  Skeleton  to  the  Erect  Position. — 

1.  "When  a  man  stands  erect,  an  imaginary  vertical  plane  {a  b) 
supposed  to  fall  through  the  top  of  the  head  would  pass  through 
the  occipito-atlantoid,  lumbo-sacral,  sacro-iliac,  hip,  knee,  and 
ankle  joints  ;  in  a  word,  through  all  the  joints  which  transmit 
Fig.  75.  the  Weight  to  the  ground.  This  explains  why  a 
man  can  carry  a  weight  on  the  top  of  his  head 
easier  than  in  any  other  way. 

Position  of  Foramen  ItXag'num  and  Con- 
dyles.— 2.  The  foramen  magnum  and  the  condyles 
of  the  occiput  are  nearly  horizontal  (when  the  head 
is  held  upright),  and  they  are  advanced  almost  to 
the  middle  of  the  base  of  the  skull,  and  thus  the 
head  is  nearly  balanced  on  the  cups  of  the  atlas. 
The  head  has  a  slight  tendency  to  drop  forwards, 
but  this  is  hmited  by  the  ligamentum  nuchse. 
Contrast  the  position  of  the  condyles  m  the  human 
skull  with  that  of  the  orang  utan,  in  which  the 
condyles  are  not  only  placed  near  to  the  hack  of 
the  head,  but  obliquely,  makmg  an  angle  of  40° 
with  the  horizon.  The  lower  we  go  in  the  scale, 
the  greater  is  the  contrast.  In  the  horse,  for 
instance,  the  plane  of  the  condyles  and  foramen 
magnum  is  vertical.  In  this,  and  all  other  her- 
bivorous quadrupeds,  the  weight  of  the  head  is  sustained  by  an 
enormously  strong  and  elastic  ligament  (ligamentum  nuchas,  or 
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pack-wax),  the  strength  of  which  is  in  proportion  to  the  weight 
of  the  head  and  its  tendency  to  drop.  It  extends  from  the  lofty 
spmes  (withers)  of  the  anterior  dorsal  vertebra  to  the  crest  of 
the  occiput. 

Direction  of  the  Pace — 3.  The  face  is  placed  perpendicularly 
Tinder  the  cranium,  so  that  the  planes  of  the  face  and  forehead 
are  parallel,  and  this  characteristic  of  the  human  face  is  well 
adapted  for  the  erect  attitude.  If  man  went  on  all-fours,  he 
would  habituaUy  see  and  smeU  nothing  but  the  ground.  As  it 
is,  the  direction  of  the  orbits  is  horizontal,  and  therefore  gives 
the  gi-eatest  range  of  vision  ;  and  the  durection  of  the  nose  gives 
the  greatest  range  of  smeU.  We  are  remmded  here  of  the 
beautiful  Hnes — 

Pronaque  dum  spectent  animalia  cretera  terram, 
Os  homini  sublime  dedit,  coelumque  tueri 
Jussit,  et  erectos  ad  sidera  tollere  vultus. 

Ovid,  Metam.  I.  84-86. 

Breadth  of  the  Thorax.— 4.  The  thorax  is  much  broader  in 
the  transverse  than  in  the  antero-posterior  diameter.  This  great 
breadth  of  the  chest  is  pecuHar  to  man  and  the  highest  species 
of  ape ;  it  throws  the  arms  farther  apart,  and  gives  them  a  more 
extensive  range  ;  besides  which,  it  diminishes  the  tendency  there 
would  othermse  be  in  the  trunk  to  faU  forwards.  Contrast  this 
with  the  chest  of  quadrupeds,  compressed  laterally,  and  deep  from 
sternum  to  spine,  so  that  the  fore  legs  come  nearer  together,  and 
fall  perpendicularly  under  the  trunk. 

Curves  of  the  Spine.— 5.  The  vertebral  column  gradually 
mcreases  in  size  towards  the  base.  It  is  curved,  which  makes  it 
all  the  stronger,  and  better  adapted  to  break  and  diffuse  shocks  • 
and  these  curves,  waving  alternately,  distribute  the  weight  m 
the  hne  of  gravity.  This  line  passes  through  all  the  curves,  and 
falls  exactly  on  the  centre  of  the  base.  Observe,  moreover,  the 
length  and  size  of  the  spinous  processes  in  the  lumbar  region  for 
the  origin  of  the  '  erector  sijinfe.' 

Shape  and  Inclination  of  the  Pelvi8.-G.  The  weight  of 
the  vertebral  column  is  supported  on  a  sacrum  broader  in  pro- 
portion than  m  any  other  animal.    The  iliac  bones  are  widely 
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expanded  and  concave  internally  ;  they  support  the  viscera  and 
give  powerful  leverage  to  the  miTScles  which  balance  the  trunk. 
The  whole  pelvis  is  remarkably  broad,  and  thus  the  base  of  support 
is  widened ;  and  the  plane  of  its  arch  so  inclines  as  to  transmit 
the  weight  from  the  sacrum  (or  crown  of  the  arch)  vertically  on 
to  the  heads  of  the  thigh  bones  :  lastly,  the  deepest  and  strongest 
part  of  the  socket  for  the  thigh  bone  is  in  the  line  of  weight : 
consequently,  the  joint  is  never  more  secm'e  than  in  the  erect 
position. 

With  the  broad  and  capacious  pelvis  of  man,  contrast  the 
long  and  narrow  pelvis  of  animals,  which,  instead  of  forming  an 
angle  with  the  spine,  is  almost  in  the  same  line  with  it. 

Iiower  liimbs. — 7.  In  proportion  to  the  trunk,  the  lower 
limbs  of  man  are  longer  than  in  any  other  mammal,  the  kangaroo 
not  excepted.  Their  great  length  prevents  their  being  adapted 
for  locomotion  in  any  but  the  erect  attitude.  The  femur  has  a 
long  neck,  set  on  to  the  shaft  at  a  very  open  angle,  so  that  the 
base  of  support  is  rendered  stUl  wider.  The  long  shaft  of  the 
femur  inclines  inwards,  bringing  the  weight  well  under  the 
pelvis,  which  is  obviously  of  great  advantage  in  progression  : 
and  when  the  leg  is  extended,  the  femur  can  be  brought  into  the 
same  line  with  the  tibia ;  thus  the  weight  is  transmitted  ver- 
tically on  to  the  horizontal  plane  of  the  knee  joint,  while  the 
articular  surfaces  of  the  bones  are  expanded  and  give  adequate 
extent  of  support. 

Contrast  our  long  lower  limbs  with  the  short  and  bowed  legs 
of  the  gorilla,  chimpanzee,  and  orang  utan.  Watch  attentively 
one  of  these  three  apes  (the  highest  of  the  mammalia  below  man) 
in  the  act  of  walking ;  you  will  find  that  he  supports  himself 
alternately  on  the  right  and  left  knuckles  as  well  as  on  his  feet. 

Feet. — 8.  The  foot  of  man  is  broader,  stronger,  and  larger  in 
proportion  to  the  size  of  the  body  than  in  any  other  animal ;  so 
that  man  can  stand  on  one  leg,  which  no  other  mammal  can  do. 
Its  strong  component  bones  form  a  double  arch  of  exceeding 
elasticity,  which  touches  the  ground  at  both  ends,  and  receives 
the  superincumbent  weight  vertically  on  its  '  crown.'  The  great 
bulk  and  backward  prolongation  of  the  os  calcis  at  right  angles 
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to  the  tibia  support  the  arch  behind,  and  form  a  powerful  lever 
for  the  great  muscles  of  the  calf,  which  raise  the  body  in  pro- 
gression, while  the  bones  of  the  great  toe  are  proportionately 
strong,  and  form  the  chief  support  upon  which  the  body  may  be 
raised. 

Upper  Xiimbs. — 9.  We  see,  then,  that  the.  whole  fabric  of 
the  skeleton  is  so  adjusted  as  to  exempt  the  upper  limbs  -  from 
taking  any  part  in  its  support.  These  are  kept  wide  apart  by 
the  clavicles,  and  then  component  joints  admit  of  the  freest 
range  of  motion.  The  twenty-seven  bones  at  the  extremity  of 
each  constitute  those  instruments  of  consummate  perfection 
the  'hands,  of  which,  even  if  a  formal  dissertation^'  had  not 
been  written,  one  might  well  forbear  to  speak,  since  they  have 
such  eloquence  of  their  own.  '  Nam  cgeterse  partes  loquentum 
adjuvant,  hse,  prope  est  ut  dicam,  ipsse  loquuntur :  his  poscimus, 
polhcemur,  vocamus,  dimittimus,  minamur,  supplicamus,  abomi- 
namur,  timemus ;  gaudium,  tristitiam,  dubitationem,  confes- 
sionem,  poenitentiam,  modum,  copiam,  numerum,  tempus, 
ostendimus.' 

Comparative  Osteolog-y — Some  of  thevertebrata  have  bones 
which  do  not  exist  in  man  as  such  and  are  only  represented  in 
him  by  fibrous  or  cartilaginous  tissue.  Thus  there  is  the  bone  of 
the  heart,  'os  cordis,'  in  the  bullock— bos  taurus — (No.  4),  an 
example  of  the  visceral  system  of  bones  or  splanchno-skeleton. 
Another  instance  is  the  bony  sclerotic  of  many  fishes  and  some 
birds.  This  is  well  seen  in  a  specimen  from  the  sun-fish  (No.  5). 
There  was  a  ring  of  bone  in  the  sclerotic  of  the  extinct  flying 
Uzards  (Pterosauria) ,  as  weU  as  in  that  of  the  Ichthyosauria,  the 
life-size  models  of  which  animals  are  seen  at  the  Crystal  Palace, 
a  similar  ring  being  present  in  modern  hzards  and  chelonia. 
In  the  Phocidee,  Trichechus,  the  walrus,  and  in  many  dogs,  is 
found  the  '  os  penis  '  (Nos.  8906,  3907,  3908,  3909,  and  3910, 
the  last  showing  a  fracture  which  has  been  repaired).  Another 
is  the  '  interclavicula  '  found  in  Reptilia.  It  is  often,  too,  present 
in  birds,  though  it  is  in  them  confluent  with  the  clavicles.  In 
many  of  the  Lacertilia  a  partially  ossified  or  cartilaginous  rod 
runs  up  from  the  symphysis  of  the  ischia,  and  supports  the  front 
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wall  of  the  cloaca,  and  is  called,  the  '  os  cloacaB.'  In  all  pouched 
animals  (Marsupialia),  as  in  the  kangaroo  (Macropus  major,  Ost. 
Ser.  Coll.  Surg.  Mus.  8699),  and  in  the  Monotremata  (that  is,  in 
Echidna  and  Ornithorhynchus,  Ost.  Ser.  Coll.  Surg.  Mus.  3952, 
3964),  are  fotmd  the  marsupial  bones  :  ossifications,  or  often  only 
chondrifications,  of  the  internal  pillars  of  the  external  abdominal 
rings. 
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OS  HYOIDES. 

(Plate  XXXVIII*)- 

Position  and  Use. — The  OS  hyoides,  so  called  from  its  re- 
semblance to  the  Greek  letter  upsilon,  is  situated  between  the 
larynx  and  the  root  of  the  tongue.  It  is  suspended  from  the 
styloid  processes  of  the  temporal  bones  by  the  stylo-hyoid  liga- 
ments, often  partly  ossified  in  man,  and  generally  distinct  bones 
in  animals.  When  the  neck  is  in  its  natural  position  the  bone 
can  be  felt  just  below  the  lower  border  of  the  body  of  the  lower 
jaw,  and  about  an  inch  inside  and  behind  the  arch  formed  by 
that  part  of  the  bone.  It  supports  the  tongue,  and  gives  attach- 
ment to  the  most  powerful  extrinsic  muscles  which  move  that 
organ. 

It  is  divided,  for  the  sake  of  description,  into  the  body,  or 
front  part,  and  a  greater  and  a  lesser  cornu  on  each  side. 

Body. — The  '  body '  (basi-hyal  part)  is  the  thickest  and 
strongest  part  of  the  bone.  In  the  easy  position  of  the  head  and 
neck  it  is  on  the  same  level  as  the  '  intervertebral '  substance 
between  the  fourth  and  fifth  cervical  vertebrae.  It  is  flattened 
from  before  backwards,  and  from  above  downwards,  so  as  to  pre- 
sent an  anterior  and  a  posterior  surface,  with  superior,  inferior, 
and  two  lateral  borders. 

The  anterior  surface  presents  a  general  convexity  forwards 
and  upwards,  and  shows  a  prominent  rough  transverse  ridge, 
situated  nearer  the  upper  than  the  lower  borders.  Crossing  this 
at  right  angles  in  the  middle  line  is  a  less  prominent  vertical 
ridge,  and  often  at  the  point  of  junction  there  is  a  little  projection, 
which  is  interesting  as  being  a  rudiment  of  the  process  to  which 
is  attached  the  lingual  bone  of  animals,  which  runs  mto  the  sub- 
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stance  of  the  tongue.  The  spaces  enclosed  by  these  ridges  are 
hollowed,  rough,  marked  by  a  number  of  nutrient  foramina,  and 
give  attachment  to  muscles,  as  shown  in  Plate  XXXVIII.  The 
posterior  surface  looks  downwards  and  backwards,  is  concave  in 
every  direction,  marked  by  small  nutrient  foramina,  and  separated 
from  the  epiglottis  (one  of  the  cartilages  of  the  larynx)  by  fatty 
fibrous  tissue  and  the  thyro-hyoid  membrane.  A  bursa  is  usually 
situated  in  the  fibrous  tissue  immediately  behind  the  '  body.' 

The  superior  border  if  rough,  uneven,  somewhat  rounded, 
and  gives  attachment  anteriorly  to  muscles  (see  plate)  and 
posteriorly  to  the  thyro-hyoid  membrane. 

■  ■  The  inferior  border  is  shghtly  concave  downwards,  and  forms  the 
lower  limit  of  the  muscular  attachments  on  the  anterior  surface. 

"The'  lateral  borders  show,  in  their  upper  two-thirds,  oval  and 
slightly  rough  depressions,  to  ^hich  the  greater  cornua  are  united 
by  fibrous  tissue.  This  fibrous  tissue  usually  gets  ossified  after 
middle  life.  Frequently  the  oval  surface  is  covered,  in  the  adult 
state,  by  smooth  articular  cartilages  and  distinct  synovial  cavities, 
existing  between  the  body  and  greater  horris.  The  lower  thu-ds 
of  the  lateral  borders  are  shdrp  and  rough  for  muscular  attach- 
ment. At  the  angles  between  the  superior  and  lateral  borders 
are  httle  smooth  articular  half-facets,  looking  upwards  and  out- 
wards, and  which,  with  corresponding  half- facets  upon  the  upper 
borders  of  the  greater  cornua,  form  whole  facets,  covered  in  the 
recent  state  by  cartilage  and  articulating  by  distinct '  synovial 
cavities  with  the  lesser  cornua. 

Greater  Cornua. — The  greater  cornu  ('  thyro-hyal '  part) 
.projects  backwards  about  an  inch  and  a  quarter,  not  quite  hori- 
zontally,but  with  a  shght  inclination  uj)wards,  and  termmates  in 
a  smooth,  blunt,  enlarged  end.  The  hprn  presents  an  external 
surface  looking  forwards,  outwards,  and  slightly  upwards  pos- 
teriorly, upwards,  forwards,  and  outwards  anteriorly.  It  shows  a 
smooth  groove  runnmg  from  its  lower  border  posteriorly,  forwards, 
and  slightly  downwards,  to  become  continuous  with  the  upper  part 
of  the  anterior  surface  of  the  body.  The  surface  gives  attachment 
to  muscles  (see  plate),  and  the  tendon  of  the  '  digastric  '  with  the 
/  stylo-hyoid  muscle '  lies  against  the  groove  in  the  easy  position 
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of  the  head  and  neck.  The  wmer  surface  is  smooth,  presents 
a  smiiosity  corresponding  to  the  twist  of  the  external  surface, 
and  is  covered  by  the  thyro-hyoid  membrane.  The  upper 
border  is  sharp  and  attaches  the  thyro-hyoid  membrane.  The 
loiver  border  is  sharp  posteriorly,  broad  and  rough  anteriorly, 
lies  in  a  plane  external  to  the  upper  border,  and  gives  attach- 
ment to  a  muscle.  The  posterior  extremity  is  rounded,  swollen 
and  smooth,  and  gives  attachment  to  the  lateral  thyro-hyoid 
Hgament.  The  anterior  extremity  shows  a  small  half-facet 
above,  for  articulation  with  the  lesser  horn,  and  a  large  oval 
facet  below  for  union  with  the  similar  facet  already  described 
as  existing  upon  the  lateral  border  of  the  body. 

liesser  Cornua. — The  lesser  cornu  ('  cerato-hyal '  part)  is  not 
much  larger  than  a  barley-corn,  and  projects  upwards  and  back- 
wards from  the  upper  end  of  the  junction  of  the  body  with  the 
greater  horn.  It  varies  in  size  in  different  persons  and  in  the  same 
bone  on  opposite  sides.  Its  apex  gives  attachment  to  the  stylo- 
hyoid hgament,  and  its  base  articulates,  by  a  complete  synovial 
joint,  with  the  body  and  greater  horn,  and  is  freely  movable. 
It  gives  attachment  to  muscles  as  shown  in  the  plate. 

Ossification. — The  bone  is  ossified  from  five  centres — one 
for  the  body  and  one  for  each  of  the  four  cornua.    The  body 
and  greater  cornua  begin  to  ossify  in  the  last  month  of  foetal  life,  - 
the  lesser  cornua  in  the  first  year  after  birth. 

The  greater  cornua  are  usually  ossified  to  the  body  after 
middle  age,  and  the  lesser  ones  sometimes  in  advanced  age. 

Comparative  Osteolog-y. — The  posterior  surface  of  the  hyoid 
bone  is  concave  from  side  to  side  and  from  above  downwards. 
This  concavity  is  characteristic  of  the  higher  mammaha.  In  the 
gorilla  it  will  lodge  the  tip  of  the  finger,  while  in  the  howling 
monkey,  Mycetes  laniger,  it  develops  into  a  sac  large  enough  to 
hold  a  pigeon's  egg. 

Notice  a  remarkable  anterior  projection  from  the  front  of  the 
body  of  the  hyoid  bone  of  the  horse,  seen  also  more  or  less  in 
many  other  animals  and  especially  in  birds.  (Sep.  Ser.  Mus. 
Eoy.  Coll.  Surg.) 
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20.  Stanley,  '  Diseases  of  the  Bones,'  p.  108. 

21.  '  GaUus  '  is  the  term  applied  by  the  old  surgeons  to  the  materials  by 
which  fractures  are  repaired. 

22.  Hyrtl, '  Topog.  Anatomie.' 

23.  Guthrie,  '  Commentaries  on  Surgery,'  6th  edition,  p,  374. 

24.  Dr.  Leach  and  others,  who  have  examined  the  immense  collection  of 
crania  in  the  Catacombs  at  Paris,  have  remarked  that  the  number  of  adult 
skulls  in  which  the  frontal  suture  remained  imobliterated  was  about  one  in 
eleven. 

2.5.  Fallopius  was  a  distinguished  Italian  anatomist,  born  1523,  died  1563. 

26.  Thi.q  name  was  given  to  it  by  Galen,  who  thought  that  it  secreted  the 
'  pituita,'  or  mucus,  and  that  this  passed  down  into  the  throat  through  the 
small  foramina  which  are  often  found  at  the  bottom  of  the  fossa  ('  Do  usu 
partium,'  Ub.  ix.  cap.  1).  Its  functions  are  not  even  yet  understood  ;  it  is  gene- 
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rally  classed  as  a  '  ductless  '  or  'vascular  gland,'  along  with  the  spleen  and 
thyroid  body. 

27.  In  some  skulls,  in  which  the  malar  bone  does  not  enter  into  the  com- 
position of  the  spheno-maxillary  fissure,  the  sphenoid  meets  the  superior  max- 
illai-y  bone.  In  such  exceptional  skulls  the  sphenoid  would  be  connected 
with  seven  bones  of  the  face. 

28.  Sometimes  there  are  two  openings,  separated  by  the  thin  plate  (unci- 
form process)  which  descends  from  the  ethmoid  bone. 

29. '  Blandiii  ('  Anat.  Topog.'  p.  44)  relates  a  case  in  which  a  tumour, 
originating  in  the  antrum,  made  its  way  into  the  zygomatic  fossa,  and  caused 
a  sweUing  in  the  temple. 

30.  Nathaniel  Highmore'was  an  EngUsh  anatomist,  born  1613,  died  1684, 
who  wrote  much  about  the  diseases  of  the  antrum.  He  did  not  discover  the 
antrum,  for  it  was  known  to  Galen  as  the  '  sinus  maxiUaris.' 

31.  '  Commentaries,'  p.  528.  Guthrie. 

32.  See  a  curious  case  by  Gatlia,  '  Trans.  Odontolog.  Soc'  vol.  ii.  1857. 

33.  Drake's  '  System  of  Anatomy,'  8vo.  1707. 

34.  '  Dental  Anatomy,'  p.  179.    Tomes,  1876. 

35. .  This  part,  in.  man,  was  first  pointed  out  by  the  poet  Goethe. 

36.  For  the  most  recent  investigations,  concerning  the  '  Formation  and 
Early  Growth  of  the  Bones  of  the  Human  Face,'  see  a  very  interesting  and 
elaborate  paper  by  Mr.  G.  "W.  CaUender  in  the  'Philosoph.  Trans.'  for  1869. 

37.  Jarjavay,  '  Anatomie  Chir.'  t.  ii.  p.  61. 

38.  Skilful  as  he  was,  Hippocrates  once  mistook  a  natiiral  sutm-e  of  the 
skull  for  a  fracture,  and  was  afterwards  so  ingenuous  as  to  leave  his  mistake 
on  record.  On  this,  Celsus  observes  :  '  A  sutmis  se  deceptxmi  esse  Hippocrates 
memorise  prodidit,  more  sciUcet  magnorum  virorum,  et  fiduciam  maguarum 
rerum  habentium.  Nam  levia  ingenia,  quia  nihil  habent,  nihil  sibi  detrahunt : 
magno  ingenio,  multaque  nihilonunus  habituro,  convenit  etiam  simplex  veri 
erroris  confessio ;  j)r8ecipueque  in  eo  ministerio  quod  utUitatis  causa  posteris 
•traditur,  ne  qui  decipiantur  eadem  ratione,  qua  quis  ante  deceptus  est.'  (Liber 
vui.  cap.  iv.) 

39.  Broca,  '  Osteologie  du  Crane,'  1875. 

40.  The  old  anatomists  caU  this  the '  additamentmn  suturae  lambdoidalis.' 
This  old  name  as  well  as  others  mentioned  in  the  text,  e.g. '  coronal,' '  sagittal,' 
and  '  lambdoid,'  are  gradually  falling  into  disuse,  and  giving  place  to  more 
appropriate  terms,  derived  from  the  bones  connected,  as  'inter-parietal,' 
'  fronto -parietal,'  .etc. 

41.  '  Prognathous  '  signifies  '  with  prominent  jaws.' 

42.  These  bodies  are  developed  from  the  '  arachnoid '  or  serous  membrane 
investing  the  brain,  beneath  the  '  dura  mater,'  which  they  perforate,  and  thus 
come  to  press  immediately  on  the  bony  vault  of  the  skuU.  Vide  Quain's 
.'  Anatomy,'  vol.  ii.  p.  379,  9th  edition. 

43.  Except  in  cases  where  the  sphenoid  and  superior  maxiUary  come  into 
contact  and  exclude  the  malar.    (See  7iote,  27.) 

44.  Craniology  is  nothing  new.  An  ItaHan  poet  in  the  age  of  Dante 
writes : — 
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Nel  Capo  son  tre  celle, 

Et  io  dii-6  di  quelle, 

Davanti  e  lo  intelletto 

E  la  forza  d'  apprendere  ; 

In  mezzo  e  la  ragione 

E  la  discrezione, 

Che  scerne  biiono  e  male. 

Indietro  sta  con  gloria 

La  valente  memoria,  etc.  etc. 

45.  The  above  is  taken,  with  but  slight  alteration,  from  the  Osteological 
Catalogue,  Part  I.,  of  the  Museum  of  the  Eoyal  College  of  Sm-geons,  by  kind 
permission  of  the  Coimcil. 

46.  Cuvier,  '  Eecherches  sm*  les  ossemens  fossiles,'  1822,  vol.  ii.  p.  231. 

47.  See  a  case  of  this  kind,  with  a  drawing,  m  '  Med.-Chir.  Trans.'  vol. 
xxxi.,  by  Sir  James  Paget. 

48.  '  Natural  Theology.'  Paley. 

49.  The  inferior  tubercles  are  alluded  to  by  Monro,  '  Anatomy  of  the 
Human  Bones,'  1726 ;  also  by  Soemmering,  '  De  Corp.  Human.  Fabrica,' 
Bvo.  1794.  The  superior  as  well  as  the  inferior  tubercles  are  developed  as 
little  epiphyses  with  distinct  centres  of  ossification,  and  unite  to  the  rest  of  the 
vertebrae  about  the  twenty-fifth  year. 

50.  EoUin  and  Magendie  make  it  sixteen  times  stronger. 

51.  It  is  not  easy  to  say  why  this  was  called  the  '  sacred  bone '  {iepov 
ocrriov).  The  reason  generally  assigned  is,  that  it  was  the  part  used  in  sacri- 
fices. The  following  is  another : — It  appears  the  Jewish  Eabbis  entertained  a 
notion  that  this  part  of  the  skeleton,  which  they  call  the  '  luz,'  would  resist 
decay,  and  become  the  germ  from  which  the  body  would  be  raised.  Hence 
Butler  has  it — 

'  The  learned  Eabbins  of  the  Jews, 
"Write  there's  a  bone,  which  they  call  "  Luz," 
I'  the  rump  of  man  of  such  a  virtue 
No  force  in  Nature  can  do  hurt  to  : 
Therefore  at  the  last  great  day 
All  th'  other  members  shall,  they  say, 
Spring  out  of  this,  as  fi-om  a  seed 
AU  sorts  of  vegetals  proceed ; 
From  whence  the  learned  sons  of  art 
"  Os  sacrum  "  justly  call  that  part.' 

HuDiBRAS,  part  iii.  cant.  ii. 

52.  It  is  not  uncommon  to  meet  with  six  sacral  vertobric.  Sometimes 
there  are  but  four.  The  first  sacral  may  be  detached  from  the  lower  sacral 
vertebrte.  Again,  the  last  lumbar  may  be  anchylosod  to  the  sacrum  by  its 
body,  or  to  the  ilium  by  one  or  both  of  its  transverse  processes.  This  last 
condition  is  frequent  among  the  higher  monkeys. 

53.  Dr.  Ramsbotham's  '  Principles  and  Practice  of  Obstetric  Medicine  and 
Surgery,'  5th  edition,  p.  9. 

54.  Some  authors  state  the  reverse.   But  Albinus  ('  De  Sceleto ')  says 
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truly :  '  Sacrum  feminis  latius,  per  longitudinem  rectius,  infra  non  seque 
incurvatum  in  prior  a.' 

55.  In  his  lectures '  On  the  Comparative  Anatomy  of  Man,'  1877,  Professor 
Flower  gives  61°  as  the  mean  subpubic  angle  in  men,  80°  in  women. 

56.  The  brothers  Weber,  '  Mechanik  der  mensch.  Gehwerk.,'  Gott.  1836. 

57.  See  '  Medical  and  Surgical  Landmarks,'  by  the  Author,  3rd  edition 
1881. 

58.  Concerning  the  bearing  of  Osteogeny  on  forensic  medicine,  see  '  M^de- 
cine  legale,'  by  M.  Orfila. 

59.  "We  are  indebted  for  this  outliae  to  Mr.  Keetely,  late  Assistant-Demon- 
strator of  Anatomy  at  St.  Bartholemew's  Hospital. 

60.  For  further  | practical  remarks  on  this  subject,  see  '  Anatomy  and 
Surgery  of  the  Himaan  Foot,'  by  J.  Hancock,  1873, 

61.  Professor  Flower,  F.R.S.,  '  Fashion  in  Deformity,'  p.  67 ;  also  Pro- 
fessor Marshall,  F.R.S.,  '  Anatomy  for  Artists,'  p.  45. 

62.  The  nucleus  at  the  margin  of  the  glenoid  cavity  is  not  to  be  regarded 
as  an  epiphysis,  but  only  an  occasionally  present  scale,  like  those  sometimes 
found  on  the  coracoid  and  having  no  morphological  beariag,  and  scarcely 
worthy  of  notice.    Professor  Humphrey,  F.E.S. 

68.  On  the  supra-condyloid  foramen  read  Hyrtl,  '  Topog.  Anat.'  vol.  ii. 
p.  283;  also  Gruber,  'Canalis  supra  Condyloideus  humeri,'  Mem.  de  I'Acad. 
Imp.  de  St.  P6tersbourg,  1859,  p.  57 ;  and  Professor  Struthers,  '  Edin.  Med. 
Jour.'  1848. 

64.  The  radius  of  the  skeleton  of  the  gorilla  in  the  Museimi  of  the  College 
of  Surgeons  is  extremely  arched.    The  power  of  his  arms  is  enormous. 

65.  So  caUed  from  its  fancied  resemblance  to  the  letter  Sigma,  which  the 
Greeks  originally  used  in  the  form  of  the  EngHsh  C. 

66.  Very  often  the  coronoid  process  gives  origia  to  a  second  head  of  the 
flexor  longus  poHicis. 

67.  Mr.  Listen,  '  Practical  Surgery.' 

68.  Mr.  Lockwood,  Demonstrator  of  Anatomy  at  St.  Bartholomew's 
Hospital. 

69.  To  the  rule  stated  there  are  certainly  exceptions.  I  have  seen  pre- 
parations clearly  shoAving  separate  epiphyses  at  the  bases  of  the  metacarpal 
bones  of  the  fore  and  middle  fingers.  I  have  also  seen  a  separate  epiphysis  at 
the  head  of  the  metacarpal  bone  of  the  thumb.  Whether  these  additional 
epiphyses  be  normal  or  exceptional,  they  always  unite  the  first  to  the  shaft, 
in  accordance  with  the  direction  of  the  artery  of  the  marrow,  which  ia  the 
metacarpal  of  the  thumb  runs  towards  the  head,  in  those  of  the  fingers  towards 
the  base. 

70.  The  centre  of  ossification  in  the  shaft  of  every  long  bone  appears  in  its 
middle,  excepting  in  the  case  of  the  ungual  phalanges,  which  commence  to 
ossify  at  their  distal  ends. 

71.  '  The  Hand,  its  Mechanism  and  Vital  Endowments,  as  eviaciag  Design.' 
London,  1834,  by  Sir  Charles  BeU,  F.R.S. 

72.  QuintUian. 
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